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Vl~ ella 1_ 01 __.,'_ 0."" v_~. ,~__t. it ....
--. "'~l. to -.lr- eN lc. 01 Opor.t.., ..... Opor.to~ •
__ut, .~ _ 01 u..u~ 1't-. tbI _1",lJ of
_~ u tbot ...t-..... >'_ ...._.~. (10). .a..t",tAI: _ ....u
'!PI. I 10 _ ....lpu of ~"'Uaca r.J>1. I..., Oporno~ '. Yut
..1:10ooI c: 117-'9. 'Ibo ..t'-.u of ......~._otd ""'''''. lT2• 1.1 .-
co .. O.OI2'l;. ft.a _ .quuto tl ...-.l til t..tl»f; h7JlOtb ...
ft&Ilrll to tM .n..t 01 ....'U~u•• _t.oo~tah• ....s the ..,. to><_
_ Udd 1.IIt...."t...... !l>oo ...... ~. I..., -.atl va., a. _1<1 M
........ t_. vu, lup. 29l!i.ln3, 1.11 " .......10011 to tM ..... l.aDu ....1"11
.... UHd to tut _ t:.""thut. tb.at 1T,2 .. 0 (_t .n""t). 'lbu
.n..t ..It ... t .. ttod ""tAl: tM "'~ _-_cut.1
I.Iltllru.U"" 11.Ilc:. _ ........t .. _ 1oqUU. I..., _t lI>c:l...s.1 <T l!
.. ~t..
'-un. ,...,_ .. tho doIU h l",Lo 01 v.1aoc:..
WlcacM doort _tuab ... -"II -. .tptl1uDr.. '!bel: ta l:N.c:
____ ella OoOS ",·t-l --.c _ lo)opoK.bo.l.o c:toot a-,,2 _ 0
( ...1 ) ... u,.t atl! .. 0 (_ ." ..t). _ ~u of
... ,._ Wlaail I.? """ _ .,. -..c: _ Iv,..... u
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'bbl. 2 ""..... t•••laoi1... AlI.ely.l. of V..,l....,. Table fo..
Opvato.. II, Talt Kothod C 117-119. 'fbo utwu of _-.otd
......." vu 0.0026. 11:I.to tbG ezpecte<l q....... for th18 «.ip>
-"1 u. the __ IU """.. f .... che p louely d1ec"..ed -.del t1>G
..... ..."u. fo.. _tl -.... ....tY lorp, 296.8232, vith ....pe<:t to,




p_tun \>G1"f d "" the «ta trOll the ....1)'1118 of ....... Iu.ce
of the data for CIpe. to.. II itldlcAted thflt -...on ...... dgnlf1cant,,
cr~ 'f 0, at O.~ 01'-1......1•
.AoID""t. V<>u1d 1>00 Ui'<'cnd to be d ...Ul.c:.... linea thelr _.
aip>U1caAt for Opuato.. A lIldlcatad t1l.at the t1\>G of .u..- 200
of the --. for Opent.... A ltI41cotee thIot a_t.Uy • hl.lbe.. pUelODt...
of .".,.,. 200 _t...ld v.. dound:>cd fOl" thl H ...1y 11"0uud It:..to''''
thaa fot a10IUa 200 clay ..teJ'1a1 (T.bl. 3).



































































































































































































































































































































































































































































































































































































































































































































lIaC20 c.tUu... l1AU:...... caurol Uair... 'IN_ lWu era
e-fl.<lelooc u.tu f .. OpKat« "
.2 • o.o12llo~ hJ>lo I, _t........ G.Ut•
• ta.~.n_ pu..-c c-.f1dnce Uain _ tile _ of .. o",""el:t-
.. CO ..undM d.- _ of _ ....W flMr _ .... 2llO ,1eft ....
•1" t.tl5 ~ ..... t 10' ltuM _ ebio __ ~ ·1nal (0.05 lA tIlf.a
_) .... tbo MarMo of tr: em ...oc:l.aCed dell.. 1A diu .....
tbo ...-.or of dqnou 0' fndoa ~ 63. , .... tba.- ..-.llt~. tbe
yal... of t h 1.998 _ tbo IlldU ....!~.
of"
If, for _I., tbree olo.ocrvoU..... '""'" .... ebe conlt..<t.lce
U.J.to ,1..0.* tho __ of die tt.z,.. 10' Y :!: P..~ .. i ! 0.l28.
1Ioe 1#tnpuUU that 1. piKed. _ tt-.. Uait, .... tbt __ u
m COI>fl.MD.t char. tile u... _, II, lJ..u vitll1.D. u.. I1J11U utabll..aMo1l
- .107, Y -
1M ..~lu""t oJ! CIlGUOI llalU fox • _.·_~_.t proeM'
_ II"' • _tAo t. *- ..I., • ,.... o-...t"- _ .. .uJllJo
c-. IfIolt.I of ...wUltJ ..u.....1Jo .. J h ~ sa tbo _'0 U.
~l U ..lta __ ,1.MeiI _ b,U..l.iIIoel ~&t'--. I~ lIaC20
.. e ... ~ ••_1 of _ .... lI.eat... 1M Ualta. ,~ _
tIoUvUuoJ. ",-"utou e. vi<lu then 1t-1U pl..,104 __•
... l1AlU ..,. boIluU_ of _ voll _ .......tor _, nput bl.a-_..
1!.- U..tu _ .. foU.... '
btlao... 01 yet- .. ~ ..~ + .z:!! .. 0.01~
Jr I I
h.r: 0.05 1ll_1oft1 Mood oa. to 1& ~
"PItta..... t.
05
.. 2.352. 1!.- COG""I llattll u.. ....-l to,
r.... 0.01 Ill-leftl, t .. 3.~ ""'" tbol COG""I IWb _,
! 3.l!:S J 0.01j]; .. ! O.~.
A. plot of tho .......tt-. 1a _to ""IU-tIl tbt eourol
lWu .. 4otu1dDod -""" ... at- 1A rl.,plre I f tho cI., _torul.
A. .1a1hr ~t c.-. boI ~true* f .... tho l'-.~ _ud.l~
tbat tho .c, X, -...ld boo $bUto<!.
Collfl.daDco Ll.alt. for Oper..tor B
;:t. .. o.OCl3l I .... T4l>1A 2. 'D1U.for.. , ... o.~.
m coa.tU-ee. It-It. ""iU"1: "!: T foU....tq tho .- ,......".....
.-= 111 tM 4ot.oNJ..ut1o.. of tontJ..4n,q Ibdto f<n Opu.tor A..
Coatrol Liatt.o f. Opor.tor »
C<altrol U ..lta ,..., 40IU .. f Opc"U<Ir • -no pLooad 1Do1bWuai
, ••d_, .... U.lb __ piotto<! __
.. n _ ,011.... lA .._ '.t.,. _ lla1U __ diu __ ..
..... ... hr ""'~""'""'" uucnl U.-lto f<lr tbt ~U of o,ur_ ..
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~ 1:" ~ ~ -- 6 ••• u "I o _ 0 09 I 0 • 0 • 0~ • •• ." ~ ." • "9 5 - •=-e "- 0• , • ~• -••• - -n ~ - - - .. 0•0 • • • • -- - -- - - - - ,- - - - - •, • j • ,• • • •- - - - - -
• !
~,,<:3 -•• , I •H -• g· - -I • r
"
.. (ll.oo 0.0 5.
t o •05• \I "-,",",, of ,. i .. 2.262
coa~l It.!t•• ! 2.a62
..... (ll. .. 0.01.
t o•Ot• \I~ of fa ' .... 3.250
•....uol It.!~ ... ].150
Jo.ooli, + ~ _I ......
CoQf~ It.!~ -m data'lllMd. .. [011_. JI-oo 0.001~5
(poow). i:Mufon " .. 0.038. I'or tilt. ~. t ....h 2.029 .....
_ 0.05 Ol-~I ... lIS Msr-' ~[f. '. 1M COBf~. It.!U
+ ~ + 2..&Il*" tb...elon•• 2.029 ".,. .. - F .
c.c.trol It.!u __ abo.deta1'ataa4 for ...._ ....nto:u.·
-n... It.!U ...... 4ct_'-':l a' foll.....
1M .,tt.ac. of ,.... l ..... , ..:: • oquah 0,000073. 1M llAl......
"
'!" t -JO.OIXI073, I'D.. _ ",·I...d of 0.05 an4 ttr 4, of er-"-.
t ooq....h 2.052 lind. tl>o Hatta .... ~ 0.01~. 1'0 "·1...1 of 0.01
..... 27 ........ of f ........ t .quob 2.m ..... cloo Uaf.u *" ! O.~,
_ 7 , 0.01 __ ,.an-- -.. f .......-=t1.l:al _ro_.
_. • .....t1.l:al __I Ibdu fn Ulla _.~.... ! O.Ot.
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"
r_nan perron.! Oft 1:111 uta ina the. _1,..-1. of •...,~
1.,,,u.ute4 thole opo~.tor afl..,t _. d",Uu.,.t, a:,2,. 0, ....t .lao
d>o _torl.al Itt..,t vu dplfiept. a;,2 '" O• ..,11.<:1"" aUKc ....t
the "!'ft'"t",,_terW intuftCdon ft" dete~e.l to be eot sfJ:nl.ftC.!!lt.
_tootid liNd. va.....turel .ud of • hatorop........ -r.""., It 11
lIOt """•..-1 to Hod 41ffonat lUG frattl<>.... hlrvillll dUII....,t .norptl.ona.
It I.a baKut""", to ""u Ehat Op""""OI IU..,t vu lipif,.."."",
1Ddlut1q _ Ha.lllt1.1ty of the un _tbod to thb ....-ubll, 'lI>4I
,...,.,edu:rl involved ....'1"lr•• jud~ .. to ..tie......turned ....,t..,.,
.kill 00 tha ,.rt of tha OPU-ItOt III pl.d."8 5(10.0 p-_ of _ttdal
into the nul<. quidtl)'. It """"14 1>11 =U<I that cal,. t\IO .nton
vve \lH4 I." th1.l nudy .-..cI tbenl...... 1t ". d1ff1elllt to ...u
:Ell'" fWdy 4ocl. abe lID iDdte:"tiaa u to what .tght M _et..s.
Mttb ..ewe. of eha ............... tOCl:pOl18<lU rI.-tl00hla, eol1fl.deDca
mel """trot Itmlu ....... "U~. To obuin all ..tllol.tl of the
pU<:hion Of "" operator t!l.e """'tzol u.n__ pl.eM "" tbo 1Ddlddud
olourvatl-.o, ftIo proc;odllORI toU"""",, 110 dli!tc1Itnt.q the. """tto!
liId.U _ thoI _ .. thoM .... :lA MlUmDlq "be _trol llldu
". 4 ' .... to. deu at hit tt.l:!M>d C l21'-59. For thu c:&lMI • pool_
_ ..... of ,/I .... de_<t .. 0.0190. SlJIu C7f2. 0 8IWI rr..:. 0
.................Ull ,,2 to 61tual"" • p<NlI....t1a&u of ,,2.
r"" 0'_ 0.05
CoDtr01 Batta _ ! 2.1262 J07°i90 _ t 0.]12$
r"" 0'_ 0.01
+ ~ +-CoIIuol Batta - • 3.25 ,,------r - . o.
CoDfu.- Uatta >Mr. 4ata~ .. foU...... no. poolll4 .5tt-a.....
of ..... laDe 1 O.OlSiO. tlroGl"afor. IT-ruua O.t)8. !be ~ eoaf14ez>ce
Batta i:t 2.028 Pi~ .. i:t~. tba m ~o".ft....,. U..lta
-. -<...,. -. ,.",-. r 2.,_ -1£-- .. Y. 7'iF""'
of ft , • 1M bte-itt>. .....tl.oa _ to ..~ tl:roo
...-. of ft ' • 1Ob.l.dL for tbt. caM _. !loa .".U'Ol lfa1a
.....c:.u-I .. ~ t f.C, no. l lot tht. ca. ... "'l"I'1 to
" YJ TJ
O~. 1M Uatu -.n ~ ! t ;'.,0.,"0"""' ...... t __ bueol .... tboI
aao_ .-l~" u.a 6t,p'M. at tr • _~. _1ClI ... _,
I'\:¢ _ Cl-lftoal of 0.G5 doa -U01 ltalu .... ! 12.1'06 "0.01~­
! l.lI$. Tbatoa ltalu rr-. ,.._t\c.al ..~l.Dt .... fu too IIIP.
,.t. JOlMa .. doa ,.rftt.. ..-t.teoII vtth U"J'1<w to .Utl.a
_ ....la » I hd_ vldl. 0Gl,. __II"" of tr 1m .nod...u.I
... doa a.' I • t'" to opan.tora. It -.... flatUt
_...... .. '.n -U _ to I.od\c.au tl:root thIo -nol ltalu
...... .w.fadoU_.
"
.. ~UCIII of eM ..-r0l: YUUDcu of tllu tqt .._ otic"
u.t 4ccenw..d for T..t *tbod C 12T'~ ,_, tbat th18 Cut _d>od
IIu • ou::t> Mat- t ,: 'Ot of v_~ 4 co .,...~Ul 'no,"
tha:!. 414 'i'1I.t Ketb04 C 1ZT-59. Dill.. ur u~.. ...,. 0.0226
_ 0.001.0\6, ftl~U"'lJ' •
• ,.eUk (Ok..-U,
the tIIrM t)'PH of .pocl..u'c &1'*",11"7 bo4......~ that all bcTc ~u17
dol -.pU. of gpu_t.t 1IrI'Or, _I, Jl .. 0.0001. II oa,
tha d ••u of u.la UUic1;tlt ._ tM aapf« ' of CGIIIpUut~
flp"u .........11 d>e tutot of .l,plftc....t flplz'u " +M' tk
_utoD of u.. ....,].)'.110. 121110 ..t_to of ~ low, if 1:1
..tH cea.tr<>1 11atu .. __ of "'P!......c. ....~t1aQ Heae-.
at ! 0.01. 'ltIu 101 doe ._ .. U. ..,_deal I-.U ..UInI:bM
for U. .,.elltcc cr...Ulu of eou.. auroc-u _1:aatDM ..,. '!eat
.. _ur '..... ., 'rlQt 'W':' " C U!7.59.
n.e 'l'lIrlauu a....,Uc:.a ritJl Uot qeclfk s:-.n.c, oI&u __
-.11 _c ...,., __tal o.....lU: ...... ...,. .. 1OIOok. lion *"""Ulc ......u,.
...- ....Wllt .. to the _w Y~a ~ IlolJ.k _Ute
...,. (_). ilia. lA"U, (ID) u tall 18 __ ....ld,_ to tM
1\UPU:y. .. bd, lbta .aool, Wl.cacM ..y.~_..__t A. l:o
.,.. .,..atCl' -'fMc.
III tbc: DOI&r•• of tM. nodr. it " .. DOted Wt c£tal.n t.etor.
!a !:Me Jletbod c 126-57 eool4 be t.prw104 or .loobor.ted upoq. 1:"-
'lr.e.ar. M.th .pa<:Uicnl.<>o c:oDtallu DO _ul.<>o f"" "'r 'f"UIouo
aIlout rttJ°c. !be t~ .peeU.... f..., tbe ....1. to ~1A tA tbiI Nth
..too bo..... Colllt'....,..._uted It1th lC. !be nuk .PKU1a<I. 500-.1.
u _Noo11)' c.... _11 fat tba .ta of .-opt. belq cuted.
tt.. ro111q ..,t1o» to C_ ootl:11'I*I dr. Ie ted thoIt le
... ...,. 4Uf1c:ult to C_ cb.o a1r _u·aPJ*l tba Mad at tha
bote- of tha fluk ..... CO th. fao::t we 110 .tKt\:t& " .. acM......
bJ eM ro1111Ll1 ..,Uon. A larpr nuk _14 ptWl.da aulfid-e ......
for eM __lAo to be I:lbAd "lth tba vat... =4 tba _trappld "it nl .
.. pt'O"II'u!ol:l. 1.1 ..... for tbII CO<lIltal'-ac:U.... of f~ that ..,.
<>e<:lll' durlJl.a tl>I ....,...al of au to)' tl>a,~ .pa<:UW.
Both cOGfldmu Ullica ... _trol lladta .r.~ I.n tho
n.u.atical ....lrl1. of tho tat data. Cooatrol Ullita cIaf..... a tap III
"Il_ Itith1:A "'1cb. 1:A t:bo ~ ....... tho ...,lAo .ud..tl.ca 111.11 fall
• -cal.n~ of tba U_. CoGfl.4eMoa lla1t...f ...... t ................
• _Ie _tuck: tbat. nCb • ai_ pcott.l>U1CJ. "UI 1Dclu41 the
_ ...abo. 01 tba ......1eU.- ...._c•• J'IIttblt. _trol llllica lJIoIkooc.
_ "_ of ~I" _ ... l.pab1.a __ ..,. be c"" t_ ( •••• tt.-
l. ,,..~__ fo11Aowlal:~)'eM _e ,.."., _ ......111101).
"
...... _,. of ttw. _~ _chod..
f"" _.
~1e: DupUuce 4oI~"""t10D& ._U cbact to CbA -..t
a.OIl! 14 thIo ....... of ...1.nB1' ..,....t<>....... co tblo
DaUNt 0.05 tor be_. ."....tor••
-"'" t~ lIque. of hM<lool .nod-aUld. vith Nch.
~I., ",. u:pu1.coental IllT<>r f"" the tat _tbod a O.OOt$
rith lil7 dqr... of rned..... !be c~t. of varl~
_ for >:e?Ueoota. operator., ""'" _tJ:2'ial. u-
0.001'- vith 9 dqreu of tne4_. 0.008 with 1~
of fnMom, ..-4 1.-'7 (hlBbl,. ..taGou~) with 1
~. of fre...sc.. res,ent_l,..
3. A teet_t Ib1Dll thIo ""laaee of ...,...-..".1 -=- ..... u..
G'pru.1oD for CCClIpUt1rl& cOflUOI l1<l1U (•••_ tlCL .. 'I..r.~
t.eJ. .. i . t W -.. i • the .-.p1ol .... aa4 ay2.. eM
....tu<:. ,-t the _). 1'1.-~' of tr...s- ..., tIIa 0;-
~ .,.._..1~ fOl' tblo ca." .u...4 ito 0.0015.
CoGtrol l'taiU _ to boI _ud l>7 ittW.
......~ .. 0/ .. t U """ ....... gl.t_lof
0.05 ...", 51 ~. of h 1 •
,.. " ••u,,*_.t atv1D& tblo CODttol 11.o1u tot' .. d.,.l. opoora"m:
,ert'and.rII t2lIo _t .. _.'.,~ of claM ... tM _UOI U.lt•
... '•• ......*,..... b ....._ of hll'='" the (f.~l
.. """."6"'•• t ....U a1ao .. at_.
7 Ie, c.erol llaitJ. tor: • '1.Il&l0 ..,._ ..~
m. u.t .. ~ t 0.03, ,,10 27 'IS ... of fr '
_~.-tO tM "C-' of _.pul COl
_"tbuod._51'ar ,0fful'."
_ lll·bftl of 0.0" CoUrol llaiu foI" Me-.-
~... - __ ,.".. ° .I.a&lo """".*",
dot. o~.
"
~ nan1u of tll'-' ,tIad:r 1!IIlluc. t!I&I: it 18 .._tW eo
..~ ttw. vllrubl_ fat • eut _thad uu!. to """lop •
atat.utkal 1 befD't& ..,t....l U,tinS bqw. tt.. ..c,-c, of
_ ....~ othar v..,1..aI>ca ccropcmeau .... 1>0 4etltZ'llWoed &-
.. aaalp:l.8 c>t rl.-.e. With thtl 1I>f_UO<I ...a11abto, .1&DU~
.,..t .,.~ be..-.. CoQUol IlldU c.,. ,1.U*I "II. el>o 4&e-
of • 11.0&1. ~.tD't -.1 0iIl dat<o for b.r _opcaton.
I:ll ..s<llt108 1t vu fOUlMl clult •
• ) tlle .,.,....t-Du.l 4u...... u....s.~ 1Dlor....u.... UMM
t.D deta.1J:l1ll& coauol U.1t. appll.ubl& to l.D4ivu...l
obaen'at1ou of tM "ttrlllut.e l>eb>a-.d.
b) _trot llmiu .... :lAdb1dual <ll>Mn'aU.,.,. for. the bad..
for u.Mtul precht.... IUt_ta.
,,) tbll data oallect:.ed ant .tao "",,,I .... tbe ....I...U ..... of tboa
teat _tbod it..U.
l!!cU1oll 5tat_U for non Met""," .N41e4
'!be f"l~ e. ~l.. of the fcmo tbt ~u1oDat._t.
tolpt t.tIka ...b& the lta of tllil atu4:r. 1be...ta_ta _
.......... eba F""' ..."t~ ... 1<lc1"~u of v...~
... to npllcatlM. opernon, __ter:l.al. !II"" at"', &,.eI1I.caU,.
~fe1."'" the tl 4 =t of -n.- ...........11a& _ "tiler_tdo. __U.......s. 'Dw flCW'1I'1oa atat_ta C't fD't ta.t !bta
.... tbI tue. _ pod "" ....1.eKe4 pa-_t lolloriq _t1,
011.. n ... _11 t!oI U1K..... "" fo:r tM tut _tho'.
"
YMt ..tb04 C 117~ h.lt W Ko!Ud..l 71M~
U- tJ. ... BXl ,left (a' ..,.ee
e-crol llaiU far: .. aJ.Dalo ",.. __ ...~ tloI tHe ..
it 0.12 ... t, with 63M&mu of .~~•• _1a* wu:Jo tloI
..U_t. of ....... ' tel croz _ t ...... 9 ",,_N of &11 'tt
.. U _.um. of c:o..a .... S"·
At I rpt~. e--l 110du f,,", ••~ .,.rate ....1 ID,
tM uet .. 1'!O.09 piU'Um:, ad> 21 ......... of bll'.. u_1auol
.. tbe_•
.....Ulc Of..lt}'. hac:,kal <:ootrol llaiq for both ...1.q1e
<>pR.""" mel ~__opu"to.....a i t 0.01, bqM 1Io ob""atioall.
'ralC Method C U!B-51' %.., for 'peeiUg Ck 1t)'
awl AHo"l't1o<l. of r1M ~ttI
A.b...,pt1Da. Coatrol 11111" f ..........t. .....aCtIr PKf~
die eM, ... if 0.31 pet '. wid! 27 clap-. of hI ' m _l.aU04
wUIl the ..,t-u ot .......' td..-wr -" t ...... _ 9 ....... of
fa • .. .. or:.~ of 0005.
-,.cUlol ctr.lty. Pr...,ical _tnt lWU tor ...tII. ... taC1OI
....._. _ " •__.,~.... i! 0.01, ....... 110 II ......
U!Itm1.....
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,. ar-. .a.. , •• Indd.... of rre_r .upt ;Uti _ Itt t -.4
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6. • t •••• PM W !FIUlt!" .. Oyeltn '"OM\, 1k<k_It11
... C , 1. Tae..... ToR. 1m. a..,ta 1'1
T. ~... V. G•• ' £rn pr!!?!' ..... tM ... Urn' for 'F'lu"
gC '!HI",*, &J! "'t luuf1e4, I~tdu, '01. 3 1, ~. l~T.
8. C:O-. V. I,. !Ipr to ,...1...t, 1'Nc.lt1"'l' Mtf!IW d1 mol
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,. ~lIQ'l,dl,.I••• tDd 11111:1>1••• L
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•• J.. M'c:Nel. Aa...,l,at.o~
.1_~ lll>soudo
"'t~ SAl ... 1:I1'bnIIaU<:Z»J. rooport ....1t1a4 -au-. ""'"
~ 1a ... Jlua lbII:r s..J.e1l1,.eid&l ~.~ ...
_ J'"IIU'Ild to' Mr• .1ctm L. 5mbam. a ....... or tbol~ or tI:le
l\I:Mol or (:1'11.1. "e:l ,1nc;. DIe.--rdl.~ tI:l.o!l u..:.h or
....... II m the IB:Z~ _ ... perl'..-.l tI:le 41n<:"".1aa
or P'rotI>uar •• .1. YocSer.
~ ....-...:b.~ 1. ccaeen>c>d \dUi the wt"-t1<lll. or
au... &114 .s.n.ccUDnS at po1ilts V1t1:lin ... pa..........t d:uot to 1Ippl1ec1
""-J. loads. ap.e,1t1e&l4 the report dneribes the foW1.1cat.lan of
_rieal 1atqr&t1a:l, lQ- """"'" of a ~~ ~t&l. eOllp.lter. to
tile 1Ol.ut1oll or Ill&aUe st.....u _ dcneet1an '"'l\l&t1ons f'br a
_e1l1psoldAl loo4 ...t tbe IIUl'1'ace or a urdfonl. __1nt1:l1t. _
b&Y1n& a plana boulI4&r7.
n... rtllJll&t'<:h ...... !'1nMe<><l by the 5ehooJ. of Clv1l ~""1n3'
_ the Un1\"ON11tJ' _ 1. pre8""t"d to tho IlolLr4 for 1nt'o..-Uon.
Mtsct t
P. L rt .., ~
..... tb10tI
.... o-w


















Tbo .ut~o••Kpr..... hi. d••p appreolation to tb• .any p.opl.
""0 'I" ...pport, .""""n'.....nt and .d.loo 1."'"0"&11....1 t .... coNlu.t
of tllll .wdr_
IIp-obI 1.ba'*l b 1st..""'fId to Prote..e.!. J. JodI. ""0 .....d
II tbo OIltbo.'. GAler pr~•••or. Prot•••o. Jod•• prc.ldld tho o.1&1Dal
"'>&IootiCD. tor tb. lrtud7 and contrll».>ted ...ell lb,_11 bl_ conUwoul
l~r"l and .nc.....-r...nt, "' well II bt, •••1••• of lb. ...•••1
Itq;.. of tb. YO"',
1tIank. h upr....4 doo to Prof...o. T. J. ""••lok and til. School
of Ae.o...uUul and 1ll,g1.....r1nc SCtlce.. tor 1"1<1...... ond tor u" of
.._portA. d....tnc ln1Ual Rudl.., and to " Coaput.oor 1lo1onc.. cenur
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&. V.rtl0.1 ~r•••_ <i•• 01"&00&1 Plano (e: 6&.2°)
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•
U. '.rU••I Doti••U.n_ t:.. tDnc1tud11'lll1 PI.".
















I!lIJor Protuaou tideD J. Yoder,
dorlo.tlc,," It polnto v1t~ln tbo povem.nt 4uo ~ _p"lld wh•• l loadl.
to .._pUo,," or cone.ntraUd lood 0. or 11011'0..11 dhtrlbutd circular
ot.....o .t. coaputod by tho Bou••lnooq equetlon., end tho ot•• ln duo
h perto....d by 3l.m,,000'. lIulo. 1'h.u ••to of o" ... eo up-ro••nU",
otr.'. and dorl•• tlon OD tnt•• pl."". no.... l to t~ tutto•• • r. included.
Tho CurYe. vo.....pllod fro. doto d•••loped, vltn tno 1"01'•• d••crlb.d•
•On IUl I~ 7090 campuU.,
'I'tw o.t ..ol prog'", In 71:90 rort.." lollC\LA&o, orwl an uuplo or
1M u" or tno .u......... oppelldod 10 Ulh ..pon •
•
,
ld..UuUon of tb. nNow", fo.I>Il or t ... dltflcultr or detnllln1rl&
ol••tlc prop.~l•• ot ~...~~1.1.. »-w.r~n.l.... pott.r~ or •••~••
•
Itr••• Ind d.tl.c~lon do tollow I"'o~tlaal ,"luo. (21). Tho 16••11.-4
or dlNeront lod. or dlN'n...t pou••m.o. Ilollc .q""U..... tor .1......
tu. to • concolltute. lod .... lnt.,ntA04 ""Or \bo lo&da4 ..... 1.<>,
.pp,~t4 tho ott•• t or • ~.l 10.4. st,.Ift" Int4,•• tA04 tro. ~
II.." depth to Infll1Ur "Ul II.. \out duUe dotl.ctloe or 10M
,
vr-~tlc.lly l~ted to un!Iono cl~<ul.~ lood. bo.a".. or t~. unmanaso-
obi...pro••lono which It 1. othorwt•• reqUired to lnt.,r.~. A
portlo1 o.lutlon to prorided by influence obart. (12, 1') proP-rod
by 110_1'1< b..H on til.••Notte "" uniteno circular 1...40. Th...
pono1t d",onolaaUon of ."re.....r><! dorlocU.... at OlQ' point tu. to
My unifono led. rUn 111.11 ..quir.. d1N'uonl ••d. dn.nllflo tor
..cb loacl at 11. dopth tor """ell otr... ond/or hn..Uon 11 r ...."lrN.
h_or, Purth re. "o<>-Unite.. 1.odl .-.qui,. eup<orpooltlon of ..
Nri•• of unlto.. loado to opprortaoto tbe .rr••t or 111.0 .ctual lood.
0..... at It.... &tid donootlon 11&.. oloe bun produced (41,
boNd on No_rk'. influonco cborto, whlcb Oro pro.tlc.l to UN troa
" 4"1&" Or lnu.tllotton .".ndpolnt. !'b.... h.......or, .0""0 Ol'Ily tM
""ifo.....1rculor 1....4.
It boo. l""i bun kno.... thoot wh..l 100140 n.r conold bl,. trot>
ctrculor Or••• of unlt.no pr•••uro, (1). but no f •••lbl thad of
wo&l tlq( tb• • tt.ot of tb••• 1004. b•• be-n •••il.hi.. Vltb tho
.4 t of hlllll .~oocI d1ll1t.ol c_JlI>t.o.... bo...........rlool ..thad. of
Int-,••tlal ~ oonttrur.tlon of lo.d ••••ntl••11 p••ctlo.bt.. An
1&port."t .... of thh tool I. 1.0 c".poro tho .tt.ot. of known 1000d
41.nlbuUo".1.<> tM•• of con..nUondL), 4 dht.lbtltlo tn4
1.0 prO'l'ld••1&plo ou>oI ....1\11 t.ooolmtq.... fo tl.aotl~ tho tt.cU
In p••otl0., To thl••nd. tho o".put•• pro, port.4 h .
d.. I..4 1.0 •••lu.t••••tl0.1 .tr••• ODd d.fl.ctlon .coor41", to
.......1 tt>oorr 41'. 1.<> _1.ll1p.ol.<lol 1<>O.d.. tIlo o".pl.U4




'I'll_ PU'FC" or t.hb etud1 .... to 4... 10" .. nuzedc.l eoluUon tor
tMoretinl rir......nd donecUon. to .. 0011 due to non-clrculn
1..4e of no.._t..nt dU~rlbut1"". Tho aJl81,.olo 1>&..4 On acoepted
t~"7 or .I•• tlolt,. end prerloue In•••ttsellon. of the conf!&urotlon
or ordinary vh&.1 I~d ••
The nud1"'...OIIIp"nd of two b..10 1"1,10-(1) to writ... prOlue
te... d111t.l ."",put.r, ~Ich could 1>& ....d dl.o.ll. or with alncr
_1t'lcUlonl tor .~ ginn I_d, end (2) to ..I. tb.! prOlU& to
de••lop cbart. or rerLlc.l otre•• end d.tl •• llon tor .. • ••eon-ble
.pprox~tlon of uoual tl.. I_d••
TIle ....",t,n P'''&u. hu been written In the Uill tortnn lo-.,;e
~l.h II .ce.p~bl. to ...orl.t,. of diglt.l co=puter....dll, ".ell.bl.
to _ b1&I>...,. .".j .17ft-Id "f;."cl.......11 .. to .."t un1uult1..
~ colle,... Yo.I"tlone er••••lly Introducod to proolde tor dltr.ront
l ...d condiU.......
~.t. 0. etr••••~ d.tl.etion .... d...loptd tor ....l.lllp.eld.l
1004 ot proportion. whieb .pprexta-t. eoftt.et pr....r.. .~ .r••• u~.r
._ ot-..d.rd Ur... ftI. ebu't.••n In u.o rono. <>t ""..... or .u·...
•~ d.thetlon, r..ptoU..l,. l.n u .... or -.xu.... eonwet pr......n.
plott.d -&.l...t d.ptb in t ..... or .i.. er eatttaet .r... Detl.etlon 1.
t ...ted ••• f.eto•••In•••etu.I d.tI••tlona d.ptnd on tb. eont.et
.,.. -..d tbo .I••tl • .oduiu. er tb• .ell ....II •• tb. eont.et pr••our••
..n .... .,. eo...ih..d to " dlnrlbutMI ..eordl", to _ ..il>O"'I
•
•
u.oOI'J' YIlloll ••_ •• ~."'...... h ••l-npl" e1..Uo ..... .. &U~
10 ••o. to ..._1. tor thoo affeot. ot '"1>0 I.,..... otructur. of n ..lb1e
,.•..-nt.. s.....al ~.ot~.tor. ba•• d••orl~ oolotlono to tYO and
tllr•• I.,.... pl'<>bl.o. _or. dnc... prlaooJ")' l'I>not1<m ot tilt- pro.....
10 t.o 1'1'0000U•• bu10 tor rhon of eff••h ot ..._t I .
wilb the connnU"""ll, unit 011'",,1.1' 1",,4., '"lui rIt .
,,"'rlo"d t.o tlla ol.pl.r, _."...."" 1... u. ""en 1.b& .._pU_
adop\6d III otl>o.. l"•••tl,&tor. in .. lOfl& po~lon of tbe ••1'11.1' ....rl< •
•
,
• _bel' or l uUcoU_ ...... obown \_1 1"" .._pHOll ttl aleouc
....beTlor h bl. tor tile n.pc or tlnlbb J"'lr_"U too trafflc
1....... "'nn otld h"lU" (,l • .-p 11. of .:..und \.0101
.......-Dt.. on • 01.,.,,. .Ut ...bl.d. to tbeoroUod Ar Ind
••rl.eU..... 1114 upo.tA. CO<ld Il[u.nt. ",-n'. WI".".,. obaru
(12, 1,) "".. _n UN' l:ru...lul,. IlJ>d .......... the bUb tor 'olUr
~ AbIlta', .~. (4) of .t•••• end 4.tl0.tlO11 dUI to • clr""ll' 1014
of ....Uo II........... dlnrlW1.lo... !'lie bttA t. "" c.-on1,.
UH' 1n ~ aDd. ......,,,1> proI>1._ I.D b1&1nra¥ at.ll'" pooI_ntf
(20). ,,"WI' "'"' 8o.be. (l.ll) 1110 _do u" of 1,Iloo "_1'101011 or IbAlO
....ba.. lor ...UI> ...Uor..ct.o"1 ......Ih. 1lo.lr.1. _ Pap..1.... (I), ..111:., (19)
.... 10011' (21) IU PCl.llt ....1 t.lIe apor\.an\ cOlltrlbutlon ot the duUc
pe.U.... t>r po..-...t dln,ctio,," 1rI d.Uralnlll;l tbo poorfo..... ,... ttt
""..-.
au.hU. (,l bu oould• .-.d tbo .neet of tM l.,...d It.n<ct<o...
or 1"'"_' 0J>d. prl..n!" ........ of h •• d.ft-oU"" ot t ........t.,
ttt • unUo.,. cb""hr 1004 tor tho t l.,--r UN. 10~ (6) .n-pol.d
the worl< of a..-1our to ....lueu .t. n ... rl"". pointe ln tho
R""~,,,,". 110......untl)'. w:l.th t."" u•• ot • d1Clt&1 o_puUr. JOliU
(9) d.... iopo<l tobI.. ot .tr..... tor. nne. ot ool>llltlon. ot •
t. i.,..r et""~tu.... 1'1>0.. u. all bo...d of, .....lto.. ~lrOlllor i ...d
&t. t 1'0._ rhc•• ....., .... ll.-lt.o<l to po1Jrt. on tb. u10 ot
~ ot tho 1 .
•
6
tt. b••• "M nt-Unt)' tev at.... i .. or t.1ft eo"","ct, ....... ....t
_ • .., ""_.~ 1" ot ........1 """U.. 1ndl..ot.e 0l.f."1tlo...t
...rhU tn. tIM .._'U"" of • un1to.. che"t.... I..... "-"C tbo
.....ly lmutlt;ot...ro ...... IIIld1. (1), fooll... _Ill! I!l>chanan (11) ..,.
Met-04 (Ill. 011 or~ ~. t,be n-...lr otllptl••1 contact .r•• or
toni"'" U ...... JIlo... reuotl:r. EIr._ (2) _ "wt.on (10) d. tile
.... ob..ro.tl~ with ....po.ct. ~ truck oDd olr.rolt. 1;1 p.ctl 1,..
t..noll'. wort fa or 1'00.1.1""1.... !au....." bbl; bat.h t..ot ..
.... _ t \.n04 tor 1..0" on • o1oallat" \ls <I 1."".
tbul. rilld INrt.e.. on.. ...."d. ulMt! .......cban1<l11 _01 1Ib1cb
lui. -.. ' ..0.1_ 1D 'otooll bJ III 11d"". (8). Thoo co"tact ......
tor a •••let,. or 1.1••• aDd load_ e .11 ellipticel ..... had oonah1:r
...,u'o.....tio or _lo.. ,,<> a1"". uta, .....rq1"C about. 1.7. Pr ...
dlatrlbutlon .....111,ool<1el tor all 100<1. vltbiD r.t~ ••pe.ltl•• or
tile 1.1.... , all<l url-.1 \0 .e.... "..rlr "ill.... at. ""•• loade.
IfUb n.ptCt to _ ••luI ...tbo~. to. "dO\llotlrc .t..._ ••nd
d.n.cUo... 1n 'n .l.oth Stoll (15) ha. II_d. dl..l:U.. l coaputu
to. c.10\l1.U.... ot ...1'1.10d It hI • t""""'.U.... 1011 duo to
....l.bl. ~ • .,...t.l. col...n l ..d.. Hi•••1Il1t. lndl•• t.d that thO
.pp....b 1. IItleta.torr ~ t_'l~l. to...,. 1n .~l•• FrO~l....
•
7
.. _-W1J>.U.• , _luUc. l..,t~Gplo. _ .....""• .... oNe to .. 11,.1.
;>.
'lcun 1. til. ow...."'p....n1.e, .. ,Inn bl fl,r1or (16), u.
C'l''>]
I. .. 21r «2.. .2l'12 J
G: ,[ ,<2.
r "w (,.2+ .2)92 - <2 ..
a; .-:11"(1-._21'>[«2+ :2)312






.m.re /" b Paluon'. retl. tor til. d ••tic rt Uon ot til."
~U.... h ""...""" b)' Tao.II.......ro! Good1.r (Ull.
1'bo eluUo .-train ot .. po1nt wbl••tA. w 01;..... 10 dewnrJ."",d
S,-t["-)'".-)',,,) {>,
-.../1.....10_·. raUo .... I 10 tb• ....suI". of .1..UoUr of 1.1>00
p
z
FIGURE I. STRESSES ON AN ELEMENT DUE




".1llC • l>1(b .~ed d1&lt&l ~o.put.4r. t. .nttuly rHUbl. fo. eny 10.4
oonN.C\luUon, 1~. only .-.qul••eot bollll: t.o hn.... tile .... or l ...d end
••• 04noO"tUt.d 10.4. .~ tbo nu.•• t ..l l"toC••tloo 1. • •••1.d out In
two 000.41..t.4 41reotlo". oY.' tho entire l ..dod .....
!1M _.1~1 lnu~•• tton u ..... 1fl tlllo P'Of;'" h 8L.plon'. lboh _
8 • *[70 + ~(11 ... " + ••. + 1,,_1) -10 2(12 + ' .... "'J'"...~) ... 1n] (6)
_ .. 11 u. uhl.. <6 tho t'uJl<:U.....t equal1)' lpo.ud llItl...nle. 11 h
t.be lpo.C1Jlc ODd D 10 tob. _bot <4 lpoo." (...t. " "I").
•
rt,c..... <I: llh..t.:r.t... t .... tAl..-in<>loc:1 aDd Ilrre"ll_nt ..1M In dlnlop-
"
t .......ta.. .1'.11""1.0 or tlloo , ......... 4letrlb\lUon end PIJ t~. p..........
n JlCl1Dt I 1J• 11J, ll.IJ b the bo,.l~nt.d ~hta"". rro. tbo urtl•• 1
U,.. Uu'ou&h Q to point. XU' Ill' and h dott,," 1>7 tbe .quoUe..
RU =./(XIJ - xl" .. (lU - 0)2. (7)
or 'M.U:' thO uln...... ,........... !)Oft••uon h t ....t..d .... r.ot.I' ,
in U,••qu.U....
'"
PLJO UId ."pq\e thO ..did dh~. flU tor ...h .I_Itt of l".d,
aM "'on th... quu\lUu 1:" t ... u ....,.. 1n c..puu.,. _1'7_ n_14
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FIGURE 2. A DISTRIBUTED LOAD
ILLUSTRATING TERMINOLOGY



























FIGURE 3. FLOW DIAGRAM
"
10<114, tho.. _. till uouIt< to.. tl>l ,1n" po1Jrt ot 1nt......,.. SJ..-llar
...putaH.noo tor ecudn pointl don,c liM QS P<lndt t~. d.U.,-a1D&tl....
d \<>t.al ".fl••U .
1<»0.... 1t h pe..nle 1.0 odelll'" tho t.eu.,. of, • .,... ".. GJ 1.. -<1""-
\ion ,. Tllh pe.,.U•• tllo tutor 1/1 to be OppHH 1.Jld .,tlr t ....
\~ IOU 0..0.<11\1_ por1;dn1J>l. ill. *"l' llLat..~.. s.••u.. tboo nn1n
re'l"UM 11 "luot 1" • wonted dl..""Uo,," tb. hct.r ".._.
ell - /" G;. - /' Gt
"'bl& "toralDOd n .... enol tile nul" h01.o.. It Q d.... to <me 01_"
rlp••tld t ... tbe nest .l~t 1n tb. 1....lr_ Wben oil Il..-ntl 1n ODO,
11."" .t _ coordu.1A U ....\1"" ..... bel" oO'O'lrH, lbe Ur1;lod .".....
no," 1n _..,.. fIw p.....,••• 11 ..oe. t 01.. a ero..
•
..
hetor ... prlntAd. out tor tilt. pol.rlt. DlpU, h tbo.. roltlleed b1 ..
..tu.l ......a can M ... leul.Ud tor <I.-.ptll. .....,d to ...0 .1 potnt.
lI._tll 1M 1.... _ •••t ..... np.....lon.o tor tbh .... tt.c...
.. Io.l_tal o""'po....u of .t..... ft... >lOt nond tor _UOll _ ..
., le.dl: <4 rJ' III 1M till 1620, on wnlcb tM o.lei..1 P....,~ .
_. 11. .11. 14 be ....tAd.......n. 1 1 lbe t ...... 0",,14 be ,....
\&1.-4 ."" print" ou\ _nil. lorCer blMo 011. •• 1,," Jill 7090 ~
-loti ..11. ..11>\0 to \boob" ""tAu """011" "" .. r~ orl_u.U_
......._u. tbe _Un PrOd" tor 1M" U_.
"
'nih pl.,... 0... oy<:10 ot proar.. ope.aU...... PrOS__ com.ot
,~~ ee.. ' ding of • D•• doto r ••ord ~lcb ,.ttn.• • no•••,11••1
11... u>ol...,. pr"'ld. M' load cont'lc\lut1on, ,rid ohl Uld/or Pot...o'.
r.tl0. fbe ...puto. 1. ~QDOtlc.llr ....1 to Initlel condition. end
lbe ~tlr. P'Oi'" 1. ro ...otod. Opo.olion contl~•• until no furtho.
doU.ou ....ppl1d.
fT.Ilelon I. made 10 tbo pro" .. ter I •••1•• of tbr•• dltt.rent
depth 1ftcr~nt.. ~l. to d••i.oblo boceD" lbo <Urr•• b••••010tl.011
....p curT.luro .... r tbo 1Uri'••• but orO ..... ly ot.ollbl ot conoldo.obl.
deptb. UolD& 10,,0 Inc.....t. tor tho ' ..p polnto, 0 .loLmua cf c~
puhr ,.",.... enol iborrou c"l"I~r ta., b rcqulrd. 111 uuo of
.~...r curTotU'., tho ...110. lat.•••• lo nee•••••r tor proper d.t~ltlcn
.r tIM ou..... Ou ..Md..
~~,
'l"wo iDput r ....u ....... ro.qut....d by tb.h preln., 0... p.",ld..
d.~ .01.tl•• to tbo load and the ••rtl•• l 11.. alon( whlob .tre••••
an4 d.fl.~tlan r.~tor••r. d.t.nol..d. Th•••cond proYld.' th. d.pth
\>ounfl.r1.. ""tch d.rl... the .re' or c_","tlan an4 tM d.pth l""re·
_. in ..cb lnt .....at.
Dete la tbe ftr.t tnput r.~c.d ~., ~. tb. retto of __ lor to
Il1DOr ull of u.o oonh~t ~•• (thie _,. ~. lmJIIc......,.. c. l..d"'l""h,
for othu dht.lbutl"". td loadllll.nd M, tl>o grld .1MI H an4 G. tb.
coord~te. ""leb loolte tbe ••rtlcal It... 11~ whlcb o_putetlcn
proo..d'I;W. the ••10' of POl.''''''. r.tlon to b' ",.,d 1n tbe o_putatlone;
end tDIIlT. an Id'ntlftcatlon .-bor to cont.ol U .... of tho 9ro,....
Tbo ..eonol 1"put ..cord ~Iud.. Dll, DU, DZ'. Zrl, ZP2. &1'11 U, ""-lob
"
.,.a 10M 1JIer_nh ct 40p1.11 lnol UIlI1U". 4lptlll, ..upe01.1...11. tor
••011 of thrH lnlA..... lo. ea.""IAU.'" bl''''' I" U,. and 40pth S-
lner_nt..<l 111 D&'. ....... 41ptll U2 10 ..uob04, t .. Ino..-ent Ie "_
<luoN to DZ2, ond 01. dopth Zl'l tile lne..-nt 1. "HuCO. ",ain to 011.
'!bo \1M of ho t ....h p0nllh k"PIIlC t.nput to .. al.u-. IIarlnt:
one8 ••UbUllled 1.11oo 4eptll end 1ncroMnh. l'urt.lIer da" c.... lie
1'1'00 "U~ ndet'ln1"C th uhul.. On 1.11_ l.n1tld de" em
.. IMtaU 41,11. 10 puncbH In the c~ol "".... IDEn'l'. N. U,U
c...... rMlliDc <4 10M tollowlnc cllnl 111I1011 ..It "emuln tile .eptll. dota
In tile ..cOllI! (ann d...rllled. Operation tllen pro••"o ".,.-117.
In ..c••••1•• dalA re.or.a, •• lone I. tile .eptb 11£11._ Lre to reDO!"
lmeMnf.e•• tile l"nUt'1cetlon vor. 1. lott. 1>1.... !'r0l"'" operut=
""'" 1>,..p".... tile .."""d hlPUt bloal<. procudtJII dl ...cU7 ritb __
""utle... tor 1.110 ... 11... or lnten". Me••optll .ontro1o -= lie 1n-
trodu.e. tor U7 ..1. of .8'" 0l.-P17 h7 puneMrc. .. ne,.Un d1&:lt 111 10""
ldentLtl.otlon wor. ot t~t d.ta <.r. ~ tollowlnc tt .1t~ th••ppro-
prl.t•••pt~ control ••ta 1D tho .p.cltt.d toraat.
'U l1MU ......,.,.,..nU .n In 1.&.... ot ••lIaraou.htl< .t-.... l ....
ot t~. l~" ar... ~t. prGYld•• d~nalcnl••• r ...lt. tor .oapl1.tl....
ot p""ral tl.cu-..... ror .p••1rl0 lco.Uo... or .aJ'l••Uo.... _n.r•
......lu _" M ..alpU.. by tho .pl'O'0prl.ta .1Mn.t....
......
'- M<h IM1. ot l.r>PI>t. ••u. h ....... tl>at Mt ot ••ta 10 Print"
INt t .... 16al>tUl••U .... • t tl>a ....... lU wb.lob toU... It. lao~ 1...
_pu~ ....... tbroucb u.. prau- " ..Ito 111 .... 11n. ct prlrtta<1 tput
'IIIli.~ "~""'" """'lU......, ••tnela pol'" .t latoo..."t. 1IIh..-U"
•
"
P>'~ Uclwl.. '.pt~ or pol.!lt. .....U .. urt.tcd -t...... and nrUc<ol
.\....11'1. at " ..., po1at. Uta:rtlf.tAo Un.. aho l.n<:I"da tllto to't.<ol dlOtl.at!oa
tutor tor tile point.. !bu., ...-pine o~....t1on. .... __'''" ••t pI"....
"I'.. 1Jlo prlntN outl"'t. th. cooJ1linot.. ot ...onled IlM lnlu to
the loe &nol .. IM..1.. or lh tor polm., 01""" t t lino•
...... .II polm.o dIn "" nteal line b "","platAd,
tIM> pro' "to..U",,11, 0.1 dIU p tl'" • "".. llnoo
or int n.. n,. ","OC". U p••u. CODt1 ~ .. lone .. daU. an
...ppl1l<l ttl tlMo _JlIlUr.
Tboo untad ""u lJIdlclted I .. the .... tj>\lt .... ~I" m.. the ••"..1
DO 1 ..capo...,,\ at rt...... , I' the po1nt. '''UlN', 1'1' U .... or
" .-st-a- contAct pre.oura, P
MAl
• Dotl.ctl~ Ira .sp II •
rector, r. which .uat be .pplle' 11'1. aquatlcn ~ to c1•• aotual total
••rt..UoM.
w u
",. "00<14 p..... or tbie OW," tolloY1Dc '.ulo~nt or tboo .,..
pu"r proC......1 \0 'ndop • Nt or ......... or uI'1.1••1 .t.......... or
d.tl •• tlon toettlr tbot ......ld be ....tul both tGr '.'1&" opplieatian ~ tor
tul'tl\<lr _,.. A _b.r ot d1ttl""lti" 1n tll.h .1aI au ~dlUd,.
ntd...t.-.- t ... _at 1IIIportant ot .m.i.b au _
I. ".r,. dlltr1but1an at lood will profue•• dirt.r.nt t-=11,.
or """..;
2. ..,...-trle lOldl will produe. I uniqu. t ..il, ot ~.a tor
..eb. urtleol fl.... tv_II. &lIT ut-nne. polM;




.....ta.t ..... """ ""..h 011 tlutbh po.....nU h epnod_td,
dllpUod. Le.wt •• wrl< .... &1rcrd't \10'" (10) eODt1.n. tbh UlII d ...
•"""" ,,""t.. tor 1",,4...Ubln tile uted up••tt, or .. 1.1.... the dhtrlwUOII
of p..uour. h eo_tdl, ...hlU".... I.&}. !two propc>rtlolUl or t""
ocmtut " ... or .... te.lrl.;r oono",,". UI. utl0 of "lor to duo...d.
t)'phd """U or -..:t.. P............ PIU.1' u. \<>t.l I ..... e...
.. lloYD 1Jl ,~. II, It eM boo _n fr.. " ..... ""nu tbt.t .." ...ted
IOed, .... 110"" M>1>&rd", PIWl U pn.Uul1, .on.t " at 1.'2 ,",T __
~ tbe .unJ:. 1"1&14 pleta o"n\.&ct p........... 11> ' 1. the u.'-.ce
1'.......... -:r " tol<".. eo tlUo iDfl.U p........... !bu""KU ......1....
1 • .'2 t~. tl>e lftthUo.. p........... '0 p.....lol..... of "ourH, 1\
....t of eurYe. tor .. -..1..111"I.ld.l l""d, ..olac .....tl0 or ..,or t4
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SECTION A-A SECTION a-a
Ibl PRESSURE DISTRIBUTION






or ......rH........ uU~ tor *"3' ..,U.
n.. curo•• tor d.tleetlOD t,,:\or .... d.~ncl."t ..Ilr" h " 1..
--a"OU_ 2. ,. UId ,. IlfId aro, ther~ore. 11lo1t.ed 1.0 u... pl_
ot/' • 0.' ""'1011. !.apU" "" rol...... chaJlCo.
!be q"onlon of orlmt.f.Uon h ...,t .....u,. ..eo"bed. _ ....... tM
...e......,. __ done til. lonc11.udl...1 uh of ..... _d as<! 0...
tb'-OUCb til....onto..o ot to.. d1-aona1 _.11. Tbooroti".IIr. thlo would
1""'1,,1.. " du·r...."t 41.1 .....1 pI.... tor Hob lo_trlcaH7 d1tt.rOIl\
.rr."'...."t of u.nd.. ul.. 1>1 "". It ......1d bo pouU.h to d.... lop
"
tor., GPO dl-&onal Plano wao ••l.ctld which lovld Sl•••••••onoble
.ppro~~tlon of to. 41-&0..1 fo. olander' du.l_~nd-= ,I.r., It 10
••?Oct.. thot ter o.lt p.l.tlc.l l11UA110D0 th. Ictull .t•••••• and
••tllotLona d'l.~lDOd fTc. t~. foall, of cUr-I' will ,I••••lul'
co•••• t within t~ prlntolOft of lbe ouro... When BO,. P•••t •• work 1_
...-.:11', or ow , U......""ter p.O&.u. _, t>o uld dlr_Uy 0. " .....
•• t Gt curo" , bo produc,,' tor tb. ..qui~d o.lentation,
Tbo tour "lor probl....r. thu, •••0L... by ••.uELng " ...1·
"UlpIOOU.t I_d.....luaU",. cu...... In ph..... o.lenl" In tllr•• dlu.Uo....
••ous~ ~lllon'. r.tlon : 0.'. aDd t&klns in. r.t.rence pr••ouu
•• the ~~ of thG .111peoldaL dlltrlbullon, wblch 1•••1_t". to
tb" lorl"tlon pr••our",
~11 curo.' ar. kept d~... lonl••• hI taklnc tb" CbeF.cterl"tlo
dlaeJ\llon. 8.......U.7. Br tbi" tecbnlqu., Ib" cun r dl nlld
tor."". l_d ot the .... proportion. u.d h......,.rn or .110. or
.ont•• t .r•• or mogB1tud. ot 10.d. Dopth••nd ott•• t our.d 1n t ....
of 0 .... I\o.it tb. 1Il1",,< u10 of tlul loded .r...or...pond to d.ptb. ,""d
ott••t. In tb. cur-... Reoult••<. plott.d to< d.pth. and ott••t. up
to t •• unit.. Dofl••t10no wer•••l.ul.ted ~1 lot.,<.t~ .tr.lno to
• tot.e.l d.pth of ~ untu.
Tho ....pln.d cur-eo ,p~" 1" "1",r.. 6 thr"",&h n. The OdODU._
Uo" Ott the pi......preoonted ~,. ... 1'1. .I\o.rt 11 01'1....... on the t1l" ....
'11""'0 6 .... 7 bot'll tor tl'l.. tronoyo<.. "",1. ot lood. '1I"ro. 8 and
9 to< th. diO& l .04 '1I"r.. 10 ODd 11 tor tho 1000001tlldl 1 ...1••
, ...1.1.01 ot.r o ... 01'1._ 1n 'lIuroo 6. 8 end 10. 910 In po< ••nt
of .a.~ .oou..t p<•••ur•• ~. 1. plott.d to • 10&.rlt~t••••1.
"
~ t~ ~orlson~l AOie. an4 d.pt~ to en .rlt~.tl0 I~.l. on tbe ~.rtl••1
u1o. 1••11 ""..... upr..."". Itnl" It. • dlotano. II tr... 1.,. ••ntoo. 01
1M 101••10'" thl Uno indicated on lbl t!sUn. N\abeu "" til..........
indlelte lbo ulul ot II 1n Un.. ot B. 0,," hall tb. al"'>r ul1 of 1M
eont.oct .....
'l.&ur" 7, 9 o.t>Il 11 priMm 4101'1'.110" futoro in • ,lJr.l1n __•
Actual toul dlflecUon to• • ,1un point 1. dlhrdnd by oq".Uon II.
to '"tlra1no It•••• 0. ,.tl••tlon It .... point uad.r I mu,tlpll
.rr."C~.nt of ¥hl.l" til. opp.op,loto r.cto•• Or. r ••' ~... tho cu....
to....11 _.1, &Il.d added. TIle _ ,1... til••rrl.t. of tile load ,.""p.
An A>aspl. d.tlnalnatlon or .t•••••nd d.tl••tlon undor "no _.1 01
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TI>1a 1t<>4y baa P>'Mued • dll.ltd c'*l"Jwr ","0lua \0 ~rr"nt •
~rle.l 1n"lr.tlo~ tor d.\or.olnotlon or ~.rtle.l It...... end
d.tl.ctl~ 1n P&y...D\. ~.r Whl.l 1"1'••
Loado Yen t ..owd .....l.Ulpoolhl dl.trllNU" or pr.........
~~ tbl t1r. COntlct Ir•• , 8OU••1n.~ tboory or .t dl.trlbutlon
....ppl1 "'.1<1& Sap '. ruh 1.0 l.nW,...." "lui .thot of tho .nt.i....
loaded £1..t10 .t t- .... cdtuhted rr.. 1.11. 1I't........ on<!
I",..'....".., .1_ nrt.lcd liM. to '"Und... 0,,"1 ,"tllcUOn t."to...
Ud", tM prOIUII upon•• II CUT'l'U or .t...... IDol. dlrl_oU""
tecto. n. '"p1.b ....... plotted. to. ti, 411't....."t. orbnUtlonl ~ •
'..rUed pi.... t~ll. till .lnUr or eboo 10-.4 _ e............ .".I 10"11-
tudlno.1 1.2.. UIIl 0 ... 41&&0...1 Uu"Uon. Tho rlUo of _jor to minor
ub or lou t..okl" 111.1. !boo l-.Do pr It the co"""• ..r
tb. 1.-., led II •••r.r.no. pr•••~.. Pol••on' ...11.10 .... ~.n
.. 0.'. ow-.- p,""idd tor '"ptlla anol orr.." dht.an... "p t.o tin
U.... ttMo widtll of ttMo 1.....
bc-..d..t.lon.1
1'Iw foUootiq "O_""'.Uo,," ......d•••• u ..le of t.1I••t.uolJ"
...po~ " ...10., ..
1. '!bot. turttMor -t<>d, l>D ,..do of t 41.trllo>t.1= of pr.......
...or t.... coDt.&ct ...... of U p.doll' or truclt tin••
•
"
2. nuot '-be e_putAr prO&l"Jl b40 ...... t .... f\u1.I>or e_rloo... ..r
4ltt....m. 1_ d1nrU"rtlo... _ 1ft po ..U h ... Ute df_t. <I
....u'o.. 1_• .,......1H~'e "",,\.act. c.,....1Od to -'-_
oIU_I'.1 I_d••
,. ""'to .. _7 <4 'I.lMooNt.lul ...._ ..'I..Uo.........do








llo.II:er. R. ", Ul/I
oa fa~...nt Stro••_. "1a~1*", H. S., ."", ur.." at' St.ltl'nolu R&tl"Amlylh', Proo_blI.., 1I1,h"7 ll.......eb _ .....
2. • __• s. P., 'De'~ or Plulhl, fIoo_ntl", II..".,U '\'bedl,
Unt.o.llty at 'l.eo~tn. 19)6.
,. &'>"'''''"1". D. II .. ''I'!Ie Ttll"..,. ot 91........ and l)llpl•••.m.1 in
L&~red SOU 87-' &nil. Appl1"lt.1on to t~ OUlcn .r Airport
Run_yo', PrO"U,UDlI, High.....)' R....rcb Board, 19'1,.
•• P"""I". C. II., -.nd Abllln, R.O., ·stu.... and Dot1eot.lon.o ln4I.lold
by. Circular Lou", Pro...""I..... Hl.ahw:r R....rch l\Ot.rd, 19?
,. rooto ... C. R., an4 '."SU", J. II., .~•• Dl.trl~tloD 1n Ko-o-
, __I 5011'. R.......el>. &.>llet.1D 112', 111&1>...., R..·....." 8o ....d.
J • ......,.. 1~1.
6. '01. L., "Computation or rrltti. 91.re.... In I S~pl. Road
Sh,.ct.uu", Rou hoencll T!clm.l.o1 l'lt.por 110, 2. Dopo.rt.eflt or
ll<lhl>\U'lo aM I"""rtrld 1I".",,0tt. II<>U 1I0_rell. L&l><>ro\<><y, l~.
7. IlotUt. P. M., 0(;..",,_ eo""",, A.... or u .... '.riu DI..."tlr nth
Dofloctlon", AutcDotl•• J"""rtrl••, Vol. ~.No. 4. 2) 1U17. 1~)2.
II. !lenoor. R. e., -..I AId",,". II. Il •• 'ttl. Lood -rran-lulon f ..t tn
~lnl"lo Poo¥lnc oro! !lo... tour... _ Poort I', ~ohnleo1 o.oeloRl!nt
IIOfOrt "". 10&. ehU Ao,.o",.uU.. """b'htron.... ~elu\J.ed o.o.1op-
_ oM ....l".UolI e.....r.
9. J""",". A•• ·1.1>1.. of ft...... 111 .",......1.&7u Il..-Ue sr_.'.""pO,. pro..ttto<\ .t ~1rw.1 Re••• roh 110.1'<1 "-"'1 N••Une. J .....".
1962.
10. 1.0 II. 1.•• 'lItotle Looo.d eon...t Pro Pot"n>. \II'Iol.r .l1r_
pI fl ...•• fIr.......n .... II1&h_y 1I r.b _n!, 1Sl'7.
11. ""toO<!. II. Il., "Intluftl<. of Tl... Do.1&" "" Po......t Do"1&" ••
V.Md. 1I01>111t7·, !'!y•••di.... Hl.f;t1-7 Ro...roh BOord. l~.
U. _. II. II •• ·lntl_ CbIlrt. ror Coaput.Uon or ft..._ 11>




1}. "._rIo:, P. M" 'Illtl__ C!>uu tor e-P\lutlCll of TerUcd
Dl.pl.c...~. ~ El••llo Poundation-', 8011011= '0, '*7. Un1~.r.111
tit IlU"",h bperllMnt. stnl..... 1~7.
14, r-t..r. 1•••, ~ Sorber, I. S., 'So11 Dl.pl.c~nt. Uodor ,
Oir""h. Loo.dri 'n,', Proc...dl.... II1gh""]' II'Morch _rd, 1~.
1'. atoll. O••• , ·~.r Solut10n at Pr••oure Dlotrlbutlcm Prebt..••
J 1 of Soli ~ch&Dle. Poundel ~ Dl.1010 ~rle.n
3001017 of Cl011 1ns1....o, o-c~~r. 1 •
,",,.101', D. II., """,..."tab of SoH K..,bo.n1u, ,falu> 1I1ler .........
1M., .... Iort:. 1958.
17. hUn. 1. Woo o.od BUe~ J • .I.., °J)oUr.1I1&tlon or ¥1lJ'!aucm 1:tl
UnU PNooure 0", tl>o. Com..et u ... of fl ...'. f'u1>U. Rood.,
'01. 16, '0. 10, Doe_boor, 19'7.
16. tt.oo_IIko. B., UI<l GoodIer, J. II., tMoon of Inutlc.!!h Moan....
8111 EIOd< eo.~. Ine., 1:... Ton:, 1951..,.
"'.
n.
h1ll:or. R. Do, ·5~n11'1.""". of l.e.ywr Wlo.Uou in ~.lu.t1"&
Plulbh ,,-.._ ..to. 1'1>. II. '!tIull, I'UI'1l..o Un1....u,. 1961.
roder, I. ,1 .. hlncl"l.. of ,......nt 0.01",. Jolul ruo,. &. Son.,
IDe., .... Tori<. 1m:
INn. I. J •• ·'ln1l>1. p.._nt oerheUon. _ Motho<l • ..r Ana1yel.
o.nd Imn_uU.....•• ~PI'r pnMnt4d to th .....rI .... A....I.U""













Il&oUl DM TU'Il 1.11O' ....lt,ll,fl.UTtO.1DD'1'
%p(!ID'I' )2.,.,"
2 lCtIl DIM UN 7,lU,DU.DZ2,tn"zn.IP2.U'











'Dl.U • 1QllTP( I .O-~ '1/(.10''\»
OY(I).2.00lllU,/l
T. OT( 1).. 'DW
DO 10J.l,M
P2PI( Yo J) , (Sll\TFO.O-l"l/!'·'I-roI) lI(z .00,.1416)
Ie to J ) • :lQI\:rt'( (1-11)'(1-1). T-G "{Y-G)l










• r I( I, J >--< to J)o l'Z+Z"Q
T(J). }.O"PlPt(t.J)·I·I·~
n • PiPI( J,J )40{).~(I,J)os( 1,.1 )"Z/l6-( 1.0-.2.00N.TtOlis l
".mI( 1.J)"(2.O-UTlO-l.O)·(1/!l.>-1.0/.)





'" r:n:Il8.0.0DO' .hZ.Kl.2, nDa .. PIlIS.'(J}
tal$. 0.0
DO 6 ,j'rl.Il"Z •, QXlII 'l OSOS4Y(J)
SlIt .. DY( J >,ry.OO(4 .ooams.Z.OOi'US)
00 1'0 (12. 1'), 12
" II(J) • IllItu· ,
DO l"l .1·1 II,. '(JI.II(J~.,,,. '"
" Q:2:(I). UI •" """""I' • 1
" rrDlI·O.ODO 11.2.n,z
1 C1'DS" nUll_ 0(1)
0IlDS rO.O
DO & 1.1,'.2
• OIIDII • 0IlIlS • tli J)IIJl( • tll/,.OO( .000DlI1I. 2,O"'EVDS)
110 to (n,18). t,
17 lIOI.8lIlI
t}. 2
DO &0 1<1,'.. tI(I).02(1)
.. "'"" IIlILT' WMGO TO (,0.'1),1,. SUlCl • IIl/IlDoDll&LT
Dl.LrA. SIlID"tIz.,0.l)oPl)!LT
!lIllD' lIUlID>DIllLT,.,
'IlI11S OU11'UT Tm 6,U,.t.51liZ,UlI:L'I',Dlt:u
00 '10 (90.91,92l.u
" S1MD. Sl/Kll"-.O"mlELT",un: CIUTI'II'l' TAPe 6, 112, Z, SIOI. rolLT,.,
llO '10 ·H.. IPe z..17Z )100, 100,41". ~.DUI'lSU • DI1.U
iSIlCI • EllEtT,., U wIS.l
" t. Z-Il&.. ""








176 pol. Iln<I contact ern h '2hl "'l in. tI>o _ulu. or elutlcltl' of
the ",beud. 1. 2100pol.
Cont.&ct Or"" 1.7T1:~" 267 oq in.
B"!U'l- "7.111 in.'1"'"l':F
!: .JL • :;.1
B 7.07
PM.U " 1.)2 x 176 " 2}2 pol
lie = 1(~1.'Z}}2 .. {61.2:il2 :: U.7 1>1.
Whed • ". x(:'PMAll J •
• 0.0 0.0 6.00 (',,&. " 0." ('141. In• 61.'Z} .., 0.2' 1',,&, li~ O.l~ 1'1&:.0 M., ,., 0.1' 'is' O.O~ '1&. "0 ,1.'Z} '.' 1.10 'iC. 0.19 '11. ", ••re 0."
r.- t B.M ,.,.
u. 100 x ,,- 18.7 pol
" 2)2 t 1,01
... '" 2700 x 0.62 " O.,e In •
"





















ggur PHOtlXI!W'llY AI'PLD:D 10 !'lWnC 8'tlJDDS
.. .r.. Me·1' I .....~
J.... !HI "....,.., ho~
.1PeCt~__t\edo


















1bt. PIPI' J"IJpOl"t.I on a sbIdiJ' or \bit app)'MM Ut.,' of ..:r1&l
jlbetilCN;lbT '" U.~ .,. ...aJ,p1II of 1ol&!Ml7 tnrf'1e nw data.
~, Um h:_ aarlal~.... VVIt ~tecl. nlaU,", '"
\lldJ' -.a..., ...s &tt1~ 1D. apeed" b& t ~ ...s
ot.lloo;r~ 1JltOI'l:lll.U- CID~ ......nt.
n. IOU'1&l~ .u.od.o alUo<nl&b 1aIpra.tlUw tor tbe
",,_U<>clal t1»d 1.ocau-. llI:d.tecl. lOCOS- battlo '\II"ft3' (e.g. a
't'O~ 0Wllt; or -1&PQt"~ studT), ~tecl.. 1l1g>1t1.ollnt
p1~ 1.11 U. \uk of a lIll."-~ ot trattio
pM> • onr ".__ .. -U .. t1I:III. ~pee p/lOto(;.r&pI:Q,
1Id.th ita abUit.T to ...""l"I 0. dr1TW'" bM.aoti.or in ...ne. at
aplIiIurq, _ J~ to btl the ..A &OOUfttol ...s ~oal ~ to
&lIIl1¥H 'O'eh1olIo &OClel4..U ........~ d1~ and ...... "S
pat.tarna O?Ilr &1\ axtord04 1.Inath ot Z'O&lhoI,y. 1M..... 1I:Ipozt.ent.
tl'atfio now Uamnt., WdlIh an all bllt 1cpo,~ to atlllV" b7
"""'.....U..-J, lIJfN'l'1 .-t,1\OdlI.
~ tbe ..at .i.qlort.ant uHbl of Uta IH'1&l pIlDto~
.-thod U "" &bU1t.T to plotol"i&l4 raoord tho IIIY1roment 1A >IIiolt
tmtfio dD.ta aft obt&1no<i. !ll1.I attrtblitol am..- tliI 'fill.. of tha
data b7 att~ U. 1cn~tor1dUt p1u1l>la J""' • tor ....."..l,
tratt1& bIbln1.or.
n""",,,,..
WUh1.ll tt. rm::. c»cacla. ""l'O tNn th1rt;:r bllJ1"" <bJ.l.uo. w.n
boo -;:.om. .t. v.. F"'~ su..t.. aDd. laecl. JMw1II for u.. ~lan
of "'"~... 1D u:. :.h1ted ~t.at.M. M41u-l b11llDnlI 1d.ll ..
alJ.Dc:a"'" tor t.M o.-.Uon I.'l1 ..1 m..._ of -""!.lla t;.dllt.iN.
T-..t \Art. on<l1.ll t.l:b " apenW....... ~.....s.7 llDGt I'\1CPOV
ottill1a1a -wi. -&f'M t.l",t 1t. 1JI to p....w tJw ett1CI14nt. 1'lau ot
tJw ~'G &O"'b aDd. pc>;NlaUJ:r:w. art. IObcJt.~ de> .... haft
t.ll:I.t. thb l'rv(;..... ..ul 1lIIt\lAll)" btU' off1olAort. t.~"""t1on?
A. t'l'M!c "'~ wuld '-_ to bit, "'lCll7 l1tu.. 1,ndMd",
~ Utu. l.a m.-~ tM pa.tt.:m- of nov of
IDtor 'fth1cle. 011 tM~. Tntt1.cl~ on llpMd, nU.ucIo ""'"
hctlidl<lQ' o~J'1et1c. Jwr.-. trodit1.OnalJ¥ blI.... Cllth0re4 .t .. !blod
loo.o.t~ thorwb;r dor¢I1: tt. 111V..,t1&"tor ..~w "'r1ew" or
now proWI'M onr an -..~ angtIl of~. P'''lOth..,.,.....
.-to .~. hA.... beeD~ nUl but. _ OJ' to,.. tr&ttiot
~. &n4o tlJ.uI,. hll to ..-l poN1l>le ~1:.>ab1J­
bob U. &ll>IV' ~.,t. of _'>1CllI now. 1IIaI......t~
__ '-' DDdoI 1.Il .-t 1'MJ"I to~p tMori.ol r.J.at.iJl;: the
-.an- ,,_ of tnLtt:le 0>0 nl a:>do 'tl7 __ ot~u-l
",. IIRl c 4 Au ...........q..=. to~U- £acton to .......w
... ·'v .s.ton1:at.1ml _ to~ ..t 0EU0J. crlt.en.... tl:.-
C .... lIow.u, ... m-.~ b7 _1&1* ac llr~ t100lA
•
,
..... 1•••• .s.t& ...u.et..d OftI' .~. ILl opflOllO'1 to tl.-~
'~'. "" t1Jat4 l.oo&t.iono ,t.IlI1a••
FOIU' e--n.l 4&t4 g::Jtllot~ Wohn1qIooI an P;z I nt.l7 111 _
a, tu- tJa .....t. «MD'" an t.bI~ ...:mal IlIld ,utaa::>.t1c~•
• ..", wllll::. m1 b '...". 0Dl0 t.!lwI. aft of llJ:d:ted.~ 111 tJa
~ or~ tl/:IW. }bI1zls t.t. WIIl10llI~ 1f>ilil attoN1l:lt;
~~ an '!\d.w llmted 111 tbo~ a:d url.et7 <d
~ _ att.l bMA~ &:II • n'nthl- tool 111
tJa~ of~~~ Joe Ml"17 .. 1.927, tbI~
t.bI &1d. at &U1al~ (I). II)' 13)h a- Qz .'.ld, W
~ .. ~n.1. '-'m loP'"~~ trlwdq-a W4cit
)'iddBd. UI:Ur'IEtoe .~ -. b' , JI (4). ar-n",,,JdII D>t.td ill 1947
t.bI pot4nth1 _ of Ml'Ul.~ 100 u.mo ft-.rob (6).
111.~~ l:Il1.ooGO Mr1a.1.". •..., bu pi ..." tJa~
of .................." u ~~ to U. ..~ of \zQtt1o: now
<n. 9>.
""""" .., ""'"
It. .. tbo pw".- ot W. AtM&nIh .. ~. 14~ ot
tIIP"·MUtT. --.v .... ett1a1~. _ tIm h.1I~ Mrla1
II 10.. :r. ..u.d or~ tNtft.o t.low data. n.. '-""'<z-
_ 1ai yt'pted I'ilIlaUn '- it. abl.l.1V to dft.eat. -' -..oard..w.-•
.,..,. .'''. IS ''Ill..-1 1&llII _ 1nt_Uca.~ ..
.. S , : C 'Ilt't ...........,. ? a- ....
4
ThI ......u~ n.w of all po1nh GIl • bo~ pl=-~
7WJAa f;Zl obJ.n. 1-ee of~ ...u..~ •~ bd(:bt.
ef c, n-U- &1loft U. ....-1_ s...-lnt.&imod. !be Mrial
~. of un. t..<!:" OIl • phD~ ru... n.~ of \to.
~~ s.. • t'llact1aa of \M :w. ~oaal~ U) and
u. Gbaft &J"'BI ~UGa (R) or \M _~ (&1rn'at\) ..~~
Sou. ••• "'*"' l__J
~.~~r~~\M~~ol~of~
ftI'tJ.aal. ~.~ at allebt4 d1nann~ trlIt~~ 110
U.QII ancI .put, t"" ..uoa of~ obJeot...1lOl1'l .. IIIDtor fthiela..
..,. M -.....l. and roOO1'do4 :in teMI of 4Uw- per wt t.1J:II.
In oddit1011o ..-t. of hll~ birt....n~ objeeta and thdr
paut.1.<>M Nlat.1n to no.d point. ~ M eI1t.a1nod d1ftet.J.1' rrc-
tbo aarUl phatoCftllh-.
Pl I n - Ihte 9tt.htrioo
u- Ind1ana st.lte~ c.....,..... Btu-. ol ftlot"'ll1' Lr10
... IbactI"Otl1ll h • _ .. -..- and ,,"". I \M Mrl.al~
... 1a UIU~~. r..l?C ..1'1&1~ Idapted rO'r'
• Ia14II .....,.~ ol _ ......... or bett.ar and = ?.. :in •
...~ n..,. ._ .u.r.tt,. a1M 1noll lo' rWw 1noll ~pIQ'
_ Met 1 a\ n ... 1.noIl and ~Dt.~~ 1a R. I
........ 2 1' .. W' ..•• Iir n..- of • u-t I fMall-eUr





,. nrth'hd 1II:r u. fbu ........ nJ..u......sp, & 12.... a
...,_•• _ I "No!. ""'~ to -. t:hIo 95*_ 0It ....:q
.u. ?"'. j" ~ 1u.t t ..~ -.a a U- 1.Ilkrtlll <4
..... , I ' .., I'" .. _.-.s.
_.
lit. -n" uptohd~ IIPMd 111 t..t 1*'''''''''''•
\·U-~bn In • _:la-.1ll
1 .. 9 1M_. • .. uti lNt pA' 1Ntlo
* 100 1Mt pel' ....,.." &nit " .. , • 't.
t. Q. 01 72 peJ'Ollnt. ...uUe.
__ 1Ilk~ "neUon ...~bT~ ...
.a-.t\ pDUDd. epMd or~ 85 ......
'- tliIIlII' kI .!,f:Ilto~ ruqd; __ <4 _ to ~ IIll.M
..~ _ ... d. -= nu dIIl't.!III II ' .. per104ll 0It II1P t.nl't14
..........~ u. -" .., ...... otto, ' par .. _ .xh.fs 1
...... .u. _ ,._....., ca~ Il1a* ... 1fd.U UlaI
.. ru .d' __..._.7••~ II 4 1'1 _" h.
, " (PlplN 1)•
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flit lkM" ~ r4 okT.~ or ...........s-ot .... t-
...............~ :c.. -..:Il tUcbt _ ,, __ cr.o of a
.....
c-. .n or dIIdIh~ -.cd. pI'iDU _ .... for •• 1J1
..... .......u.ud~. .......,.. .... of 1dIat.1-.l prt.rrW. aD
~ .took _ I-.l fer -......t.1Jl& .. pbo\O 1ndu. of ...
.. aw. r~, 1UIartm-, &~ .. I.' 1.-111, tIw .t.anlud
IdM 1noh to" .w. 1Dab~. ",. ool.or~ _
__lopM ..... roll of~ iub b7 .un. 1nall pooI1Unt~...
b N=.iAt&MptlM
:Ip...s AIld cu..t.ance~ qaontJ.t1.. _" obtalmd halatr.
MI"l.&l~ bit W:iple u-r~.~ • 1.DO mdt
filii' 1JIIIIb -.:i-no .~. "bpId or -...t = •..M~ 114M

















































I>,ub phol.o _ ..... """'-1iJmpe..anL17. F1nt. tho iJGQle
., pbot~...~ 1'ro.~ _t....1 at1<miod bT u.
1M(Ith Jl n.JQrt. ... """". ~...,..~~dlom. U. _
IOO&J.e • .l1lae £o~ all Jiooto. at • d._ .it.. and dq ... _ 111 till.... ...".,..
'1IV1.t1I u.~ ;:a1n .-1tb .. 1.IllI '"""No...... P'=-
... 8j11r~ 1I'ftJ. MC\1oa <>f tanc-nt~ to bI ..........~
dU'1mol £Or ."'" .U.. 'ftw u... ~UoD of MatI tu.&tlt. 1'W bn1Jlrl
bMa .·'hu"'-d iD U. h.-ld" u.~ t.1III~ bIb._
anne-I -.T all U. tl1sltt. rww~ at. a eb.... a:l.t.a """1"h~
-UIll··
Tha whiG"a ot 1JIWftR - t.hoM t1Dw1ne: r...lI' OQ u. t./uCI1.1gh
u..,.J. -lADt1 ~ """ 1oh.nt11'1oo<l m tho JiootoQrsplll an<l " ......"
_lIalftl;r. b7 ~on of !'laM. 1'I'GII u.. Rart. or tha photo run.
~~ __ do.. d1rKt.1T 00. tha print_ \d.t.h a .1,qd ll~ &_
paml]
EcLab·vWdal.a _:>PMNd :In It. leut. "~",,,,~. fbi.
1*'Q1~ 1." .pN4 to to.~ b7 -.uriJlc 1ta~. alanc
tbI~~ u. u.. 1zItenaJ.~~ ... lAeau.c.
.• liE:: that. ~~!b~ - p-~ ....._ V ·1a~"~."""1 "cd_tbI
.:.: ' tar~ ..... Meld d ftJdIt. ,,,'
• 7$$ ..... u._ •• al_ra-a\ll"''-t.a..~o.05
~ 111 ~UOl1 (_~ 6). TM~~ 't>D
~ oIdch ...,.. t.IMzl .s.s.d aolc~ .... to &1'" tn. dist.aIme
"'s:b'"q of • _ po1At. ('.c. U. b'o:lnt~).. _. I .'...
ftIIl1olfe. tbf imer-1t.\omt ao1'i&l ~pll1o t t 'qaw. baI.'1e
I rthl17'~ po1nt. th:lt. b rflIOZ'llil&~ powit.1<uf
.:Lf .u.~ • .-te. e::n:Dt. J1ald th1.f quat.!\.T <Unoct.17. tbfftEo,..;
IIb<MI iJr. ncu... 6. ... <U't'1e1m of U. III1ftanej I-.!-.:r !IT UIf wr-
of tho °tollDldl1:" Yeh101o (st) yI.lded • u.. hI''''"Q' (bt).
'" ....."
Trottic donai\.T (i') __ orrtabUohId !IT .1JIjlJ,y -m.~ t!lll
md>o:r of TOh1olM. diopatod. iJr. • plIotocftJil <Ill .1tt..r '"1:0" 1Me"
::I1llof noll cp:..1Jltj ....mde at a ~t17 dUt.r.nt. p:dnt
111 U-. tratf10~.~ DDt. ..~ <11l'IaU7 ha:I .........
of UIf ....'.'.. pict.w.. ~.,~ relat14nllh1p~
9 , .... mel &1Nnft ..-.looH' .. n.r- UIf bub ot t.:. "~ ilItio"
'I t $ :_ tor...u..t1IllI roorte -' •• nw. pI'<l ..',.. -'do"
.__ :,~,~,:,:,,:,,::~.:J or autc:-lUo pooa! t.Mha1tt.... ~. &noN4 b:f N 'I,.;: tbI~ ot , blc1• PMI~ • J'1-.l1Do:lt~
~ • apII:U1fd ",rtod of U-. ~r. "-~ _
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(Iltp) • • • •• llq. 1.
\bat. bclth tbo rat._ point (o..~) Ilnlt t.he 'fOII1om _ ..
ill IlI>t.1oao S1Mo tbe A1.Jt>ame ==-na d.1.d not~ UlO cttJa
-U- or~. A-a. at. t.he ".,. 1DR&oI. 1.11 \W. U. tDt.e.l~ oZ
d1A1DIt. -um 6epl.otecI. 1.a • ...rtM or ......_ ' ....."'-4 D:Jt.
GIlJ¥ U-~. in U. .tu¢;f ....uaa at. \he tl1G!>t.~ but
u.. V- lOIi1cll puMd. pa1:lt. B _ t.bo 411nt1oa at t.. . f'l1drt. ,.....
(_ J'1ou- 8). It. __ th1a m- at. B~ • u.. tp IItd.oh
U. Speed AIlUo ..uaod ~t.ed tv .,.uon ). _ u.~
_ ~~U· t.he d1ftc'Uoa or u-tnal..
Vt.p .. wl=a ot t.N&~ •
n-l point 111 t.1la t.p.
s.. .._~ nll1a.~ in au.. pe.. hour.
Sop .. a1rorett p:turd epaed. in .IIl1J.t1 por hDur.
Ut.p .. '-he llLdIor of 'f'Oh1ol.e1~ bet._
prino.1pBlpo1nt.tlA..-:lD.
W wh1All.u -. lIOlII1dend t.a he tJwn1.1rIlI atl (1.) tlw oa1.oul&t.ed
-.c- 1pMC1 (5.,.)1 (2) eqIB1.~ he :lova.
It t.he~ __~ d1rec't.1.onall nUl u.~ but
1& ...... 'hi' u.u~ U. \OO~ or~~ lDoat.1.ao D
c
,,, '. , t.
5, h





A"'o,,,n\l poln! of lh9h1 (pholo pllncTpol poinl)
B'end po,nl of Ui'lhl (photo pt,nc,pal po,nll
Be'a'Slonet vehicles I.ovtl ;" I,me I,
n, '10101 "umoe. of d,slinel vehicles oooeO.in9 on rht
• oi'o"oIOl bt'ween A OMI B (vehIcles Pt, '. 5.(on'1I1
S.' spUd of plone in !ttl Off ncond
S. =Ovt,09' vt~lt ,pt~ "'I Inl per $Nond
',' (IZ -1,\""'" (hIl'OI"'" to' III ..'" from A 10 Bin Sfcan41
','(IZ-I, l' I,me, in oeconOI, .tOlllf(O for .'hiele n or pO",1 C
10 'eoch point 8 when "oy,lillQ or'S" DefIneD as
bt,,,...quol 10 '.
V.,' 'fn'tln pen,n.. poinT a in lIme I,
FIGURE 1 "SPEED RAT10~ CONCEPT FDA TRAFFIC VOLUMES
FROM STfoNDARO AJf!PHOTOS
V(HICLES AND PUNt MOVING IN oPPOSlT[ DIRECTIONS
•
15
(Ilt.p) ••••• Sq. 2
:a. "'-ld a,. not.ocI tb-t. eqw.t.1«t 2 1A~ .,.. Sop < s.. •
1IIIta nollocUOII rn.. -u. .iiI!M"" == ..l"1al~ ...
u· ,14-°-.1 .-._0'"'.'"' ~ ---~_n • ._ .... ~ _. _ • __....
111 iMa _. '-nr, ponu_~1N ...,. ..s...d llft .. 1J&bt
t.PJ.. Al~ aDd~ _ doni >d.U1 ..~ ..,..u
cUnootl.7 llQ \M .~ aw. or u.~.
TIUPPlC P'1W~ ClUDI<:lI
I:ml Tr-••.J.:.."'S;; .UtL\L I'llJl'CXl,;~'.Hlt
lleul.7 ti" hIn1nd aeri.IJ.~pM ",n~ .. II.~
oL -u. pi II lit. 1'MMl'Gll. !bol _tun of tbI clata obt&1Jwd pr'Dh1h1tecl
.. tbol'o\lth at.lltatiClll~ of IIlV' puUCIllAr tl'&ltio ohaNotor1:Jtlt'
0"~ At.. llo.u",•••,.o.VNJ.th or WOn»t1.oll hi ·'eA 1t.1eJ.f,
_ tho ..r1al expol5UnlB. 1n:l1Dllt.1tle tbI~ at tl~PM ..r1.&l.
photocnplv' 111 tM IItwt1 of t.nltt:l... t'lDw. To ~ ot _ to h1l:Inll,J'
ol'tidala.~ t..n. t.. COpebl. or~ buto Wo,"""UGn
on uautlll~~ IItI<l~~••
s .,
J'~ II~ .. =mlaU_~ O"PI of :lrd1\'1lhal
,Hel.~ ..pl'" tla::> ..rla1~ of tot.~
•••,.._...... It. tda _ p~ __ .. == .IdJAI 1-.0 I , 11 , ....
...u_.:4. \hi !11" too alford iAto...u..r.~ to ..



























~ .u.a-uonal -tura. t.o 1llwrt.....t.II Uw t.IInltIDa7 for ft1ooa1ta.
to~ ilt :IllDl1"* aDd rarlC" with 1nllNU1lll: tr&tfioI.
1_ u-.u£.tono baft IIOtod. that nv.ace I)lIMd t.eD:la to n:I"7
... .tIuIc.t1«r. of U. tntn1c -m-. HMz>....,s. ~r~
_ ilt~9~ ~ ..u.b • ~st. ntt.1lla at.~ u.. -...t=cted
• Uw IlIIthod of l.aut~. A allaht ....,.... l.n &t»ed v:l.th
1IlD~~.. ~ted.
v- 'h Mr.
~_ tnq.-,. d.1:st~ of t1-. belbo\r:l tor t...
:w.. ot~w.J. tz.tna at~ dUtol'll\t; rn. t'1.oo<I.J:la ...~
_n oonat.:ruGWcl n- Uw Trl,..St".te~• .....,.~ (_ FJeunI 10)•
• 0C>I:IpIlIUc>a of t .... 0IIl"ft& 1Clth t .. Po1aIorI dlnnbut1cn -=- to
lont1m the popll4r b>Uat th£It ntl1l1UI ILn~ d1.IItr1llUtod
lIIl tho 0J>Ill. 1l1{:.h'olq. NJ, upeoteclo the fnIqI»noy of ollo~ ""~
~~th lIIO~ trutfiCl 'O"I1uI:w1.
'0'" !l1MbYt'pno
~~~~t7 OIl 1Il1.t1llnl t801lltu.. u.
~tor 11 att.IIo. iZU..nod 1ZI. :w.~ abaftctIrtlt1C1.
l1CQft u ftJ.aWoI tbIo .av or _bhl., par IlolzI'~ 111 U.
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~"" ~ ~ • • •" " " " " "(11.1.) ~~ ur -.>to", :>lJ~ ';0~
tJ. p"011lue~»=hu __ oont1lIIo4 \0 -.l.o.t.1~
~\'1IliI: 0IllT the bu10l tArtic n- cpantJ.t.al of ..,...s"~
.." t.:I_........,.. ~, _nl im<ut.1c:>\o" (5, 7, la, e~ ...1.)
111ft ...~ the _ CIC .';:.oi.aJ.'~, ... bI4z\c .,... =en'Df:!\ll
.."~~U- or t.rat1'1c no. jl ., IlU& tor
t.~ CIC tIlNoit 'ftlI'1ahlN _ u.tn.. .-.s.V"" :e le""t:.l.<D- ""
!nJt19 !leUr
'IIal:Du' a:d IkT (],D)~~~ • &fttlb1-.l _t.b>4 tor
p1Doop>~ ill t.ella ot t.nU1§ ~f.7, l.ooaU- al<Iac ..........ec!
JaDst.h of~ >tWlh cno ~cul=q _~blI \0 corc-uoa.
Old \0 4ekn:tJ.. ill ...u.. or t..1lZl. 1:he 41lftt.1cln of the.. h1ab 41N1l11t7
fi1Gltt. ~..... ....s. ....n the Z<Nt.e "t. 1nt.u'f<'la tluouchout. U. 1Jt~
perl.o4, l>nry npo...n attord8Cl .4cul1t7 tor .:loll 41root.1on ot t.mtic,
Ttw.. dMsita""... plott.a4 .. tunc:t.1onI or U- an<1 d.at<'nce QWI &I
_ >oould -..tN:l't. • \o~e cout.our I:lIPo lloMIO'Ull(l pojnta
of "lU3l 4InlI1t.7. P:\cu.N 12 ~" ooat.our llnlIlI It. 1.nt.omala of
20 nIdclaa pn 1A.- 1d.1a.
rot' t.bll 1b1l_ kf_ ",""",0 tll.-tnrt.ado \1101 4lIna1u...
lId1ollU" or .... ~ ! ud -... U. P1Aollellllt. am
,..' l.s.er "-4 1.... 101Qa,!b1Io ~1Uoll. _ ~J.7
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iJI prob&bJ,;r best. cs-I'1llv'. bJ' l'Vh1.ch' ' ....u .. ~ttom.. J.
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w:>rS.It.1onI 1:> IpM<l ror oach or n,.. fth1c1lo't~ b:J1llld
011 u.. fr!....9kta B:cprI~. J.J.t.h<>lll:b ill \Il1I ""V· h1AlIo ....
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An~a or fth10le spIlQ1Dc po.u...... &hat. tho~r
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aIIlI. U.~~. n 11~ all ....:l,ra1I of U.
aUlm V, 2 ~ &lid~~1si<la of U. urt.al. pIPto-
~ notbo4~ tblI~~ oU.M.Kl.oa 11 cl1l'wte4. Uti et
tho>~ cIeab~ nUl~ con-u.c.. of -r-do~
&lid ta.m.;,~ 1~ 11 ..~iC'''e t.o UlII Rlictr of all tl'l.tt1G
'tl. p'niowI 41IouWon 011 mtbodI>1aQ IIu in'Jlc"tecl tlw
PlluiJDlnt....ppl1e1 &lid pol'WOnJ>8J.~ 1n ooJ.1.Iot~ data by the
"" 0:: aor1al photoPPII. TheN 1toao uo -nSl<lo al.oilI: with
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~ nt; of~ ond. ;>oJ.' 1. ,!up 1U:be.- of Il1t.. od.th1Il
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=7' .. u..fttca.. '--I 1nc~ • I ..' .. \be Itwt;r lDc:&t1.oIII
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PI ln1m pt! 7""" lbt"
,"Oil' UIe~ .s.801'ibecl. 111 NrUer ..~_ ~ t!WI
ftllOrt., U. llen.l photocfttMa~ Id1'uldldP""""_ or .: 0.6
rwt 1'1>1' tnmal d1at.&t-.,. :;0.' tM\ t'or~ t t J. ""'"
~toI1,y,:o..J. so 01' rOT tboo fftoto~ Pol' _",""" the
or .. IlOftCl bdtto~ tan.~ or pn-l.._ an
~~~~.
U. ..n..l~~ ... FOPI'I'l.7~ -.t1'01'dII
UIe ,:,l.CI> -..nq~ or ::DIrt t.ntt1a~. ~ of the
t.nIe 1mArtal bet..... _Mi"~ _ .. p:'It01M dortoozsd=t.1on
or tJlo 00418 or~ .... ~nt&1. to ... &llI:lInW_~
at ~, w~• ..."~ 1'rcIIIl u .. "pe- pIl'*'~Ilr. In the
~t~. tobo 1ntornl bn_~.... &1lPl'OX1mtel.7 thrM
-roo 01" l.au -u..n :?-~.
n. .ew. at pbot.oemEb7" _to ..........t.1l' ~1"Ill.l* b7
hoq'*l\ rN'._ to.~ 0'0\Dld DOntrol po1llh. 1:1 U.
or iQllli ' .......1:' l'UOll,. ....... p~cl.t1llD4o ... IOUD:I to .,..,.
1-. u...~~ .......,. ,,"'w _ to _ ..ua .n.1l:" "'" or ............
~tt ...I S
-. 1 plt.lll Qlld ...u .tt.... _1aWod tdtb~
rel itIo:toCftllll7 ...... •...NIl~. _ II or~
car. -.I ..... __ •~ ettort. to ..roM • ...u- UDal;
_ _ It _ po t hlp, ~. tb&1. at ",rie -.11U-
"
duriJlc 1M fUaht would b&ft • Pl")tClOll"d eUoort. on tbI~ of -..l.e
T.>r.I.au.x. N1.t.tIod to p1.t.abo :roll aDd olllYlc" iD~ alUt.o.doo.
\lII _tbod'• .-n.cUOQ 'LO dq11Drt- bo:Iws. oIodzueUona to tI>a~
1'1.... tM __1\7 of m i nt·,m..,. • t.Mpft~ tllDtt pa.Ut, az:d •
t1uot.uaUqs pllaW Malit~ b:f~ iD topcv:40 ard/or fU&bt.
~t.1cBo hi fldd1Uaa.~~ 11> p1.IIlI -P"'l -..:l.~ lWlllt.d
1D u...t!11J1aDt ............. ~1IA. u. artUoal tMtDr in u8!U'1Jl&
'tlw l'OduoUGlI and tIlbulaUca of 4ata 18 UW&ll.J' the ..lit u..
oonawaina: and OOD~ pI14.:I.to ot a ~a~. 'lblllo 1t 18 approprta,t.
t.hat. -. att4n\.1or; It\OIlld bIl dnoWd. to an ~1a of tb8 • 'Ga,
Jl"OllIiaa and. u... .tt1cr~ ot t.lw data ndlIot.1on Wom1<J._
~. 70r 41awHl.CIft~s. tbI~". U Uoa1t.1. to fa
~ of -"0 'JOl..- and '-~ q=rt.1t;ae.
!wi'. 'M .?em1'''
xa"'P"''lC tM dat.a~.. t_ ,l,.el 1ft u.s..tud7•
...,. ett~ _ .... 100 wlrrl"' .. tb8 __ or II; 1el~ and
..,n.. 1abcIr NqQ1n4..~ the~.~_ t.
i "1,.~ bir ..~ ClIP'''' &aU- cUI tlIo 1rI1rl:II: of _
, "'~$ft.,
'1M _ at az- pPMll'.~ t.1"l.al1&lM.......' ••
81_ .. , -.lM.. &ad ,~ &1&M bnnc- u.~ of. ' "m
., 'i at.toi' tlle bl&al< _ >tiM M1"ial~ pnm.. \0 .a...ut
\/u.oo 1"" _ 1M I. ...1 t;:r of , 1J&ht Uhb t ....~ tlle
~~ u.~ \0 ~.OO ptr _ -.t*l 0....'''',.
!'M"', of 'taG ....
'It... h'm at t.n. Ibta~ to: ',&,M .... o1at14 td\l:l.
U. jlbohc:nJiWlIMtboot .. dirt.cnIlnM 1D 1.1Ort of U. ~I .I.e
-.. 11:1 t.r&U1c~ &ad __ MpeMll\'. of. tlle -.qod...-nl
Mp1 c=do ...... wlIioIlo ~u... at 30 a:u.., pal' boN:r or~...
, noblUm J*'e'hl"'1 at d hut .: 1 toot. "'.. aootd 0.. .: 0.111l.la,
P'I' boN:r.. _1ntd.rMOd to.. ,pM<! uk obtdJMd no.~ fl:>aI; J1I'i'
1Mb ~I'b:t. Uklnll.-.' PI""Ia:l:all or.: 0.4 t..t ......lbecl
to.. tlJ.ftluw. IlMClwQ'a ..." otl... u-... -.-.t.. no. preoa1on
at &~ oolllOt troll ..1'1&1~_ , twiGUoIi or the
t.l..- <IIrd.1aII or UlI f11eItt u ...u .. 'Jet_tie ........ 1tmtl_
ia.... In". 9UIl1ale ..." p1aJlU 1}MIdoI. 1\ a ..u-Mcl t.h&t. 1M
P 7 -• ,. , ..
- -V • -
" . .,,__-..., • ,,.. ,-we ... """ n., _ , I
"
of t;/lIl I>laak ard 1tdt4 ......... ~ 001.01' u.r1a1a. 'l'ut.. ("_teA) ....
... at .. 0.05 lrtol. of o:l,cnU1oaDDa. or the br.>a\htria.
u.... Us
..... V, • to... nMl:I ftW or d3ta .-.at.1.all n- 1>l-* &nil mu.
.....,_.
t'B • u... _ "'W o! cl&to.~~ the oolD1'
.....,_.
1'oh1oJ.e~ ton- c4sd1'ioa.t.1ool azd nlDoit.7 _. waanto
ftto. ......~ and ..~ ---" clat4. ndllnJ.oa Ate~
1.11~. per ftII1ole. it .. 0.05 1nel of pmbcb"ltT. U. ool.cr
and the IlJaalr. ard 1lb1te~ .....ri&l~~ 'IfIlI'f tIO't
round. to 41.tt... II1FUloent.lJ' 111 tbdJ' .rtio1ono;y of _pHd. ~t.a
~0Cl0 1'hIlI ...... rate. tor the blDolc IIIld Wite Jlbotol!1'aphe lalld
ooJ.or UpOOur.. "'*" 2.7) lUV1 2..110 lIllmztea pilI' vell10Lt nop"ot.l.nJ,;r.
TIoIJt.1na the .ttLollll107 at the Il~ ......ur1lllI \uk at ..
O.OS lonl of~. the black ..." 1Oh1te ud the oolor pbatosmJ'l\.f
4Utwrd~. >cI.th t.he t ..~ be1lIc the ..,. .n'101.ltrt.
h ~"~ rot- _N 1005 &lid 1.)0~ .-r fth1.llla.
Van.- 1D. the~ of~ a.t.endmU- .-.~
.. Wtb ..rUl~~ """ r-..s t.o -. ...~ fttooo
'" .... ncIlIn.I.aR of 0.53 "m". pu' ""'-io.lo.
, P WI! "el+.eWm
u.q jX' u ~ to the AOI'1al~. lI:eUlDd ..,..
, ciA dlftIIt the ~ .. or the -...tI. Ja.sd1u..
.... Jre....~_ ~u.p; 't............ 1....
"
., • fit ~ 1&H &t'to&-. o1'teQ ocq>l.1...wd fth1DJ..~
.... 1.IIpdN4 w.. pftOI1JIlma or~ ,.",. UM pbIJt.o;n..
lih"J,.~, .. IVateII I'IDI:11nl:~~ IIlUt. 117~~
Uwwel_ "'*...~ to t:bI~ 1MIpars Ii1lf1I:1.l1t.
to obLdJ>o """.d -tdAII.e _ aall' IJ.1eht.1:r IDft~
.. t:bI oo1.or~ t.bm GIl 1lJMII: -. >N.t.~.
lbet or tbe >DZ'Ioan ~-.d • -.u.~ I1&n boJI'hl
111 1lSioIIW)'1q; 'O'IIIh14lft IIIl4~ cl1rlaIloM .." u.. pb<Itoe..
<t1rlcriiarw ill tbe laDI. 'f1.rtrl4 at the .,.. ..~ Np:IrWd.
tolJ<N1zle • PJ'Olq.,s~ at t:bI o>1or~ GQ II. lldIt......
AU or \be ""rbn .m1.ttod beinG~ to' toM~
ouJ.t.uN dep1at.ad oa Ul,~ h.B. II laJp outd<oor .... '"'"nt: pooJ.
ec!J It to tbe~wElQl~), an:I II&ah tollrtl1 u... Jqda:lmt.e
noqoAnd ill d.-ldl"G q.....t.,""""'. _5 ot~~ 01' 1anIo
...-e- W be t1l» OOl'llIll::l1llll". the 1.Q41:r1dl.w. ~lr and >OI:dt. prinW
... 1IO.....t~ to "On: "1tb ..-I Aqldn4~ or1ont.at1oll
bttON~ oould. be~. CCIl>II~.,.. ... NqIllNd
..~ cUtltIInc.. OIl tM~ !!O foe "" ..~~
.. to~ U. Wqt, pn>OeduN bCll5 to ....... IlII1;r t.t-
p:dIlk a or ~....rU.~
OClIiCW ·1CI1
tt.. aNUJ. ~1l1c ..u.od proft4 "l\P"h]. of .tt...unJ,
~ and~ UNo bI..Ih t.ntt1c t'lcN~ of .~
~andt e 7.
ID " ....'""~ • ld.da~ of D:tlu.ar.l~ the u-
:ta;. M1't.al~ t t '~I ~ l~:;hol to .. ~"1cl
--..v'. -:Ld~ to ... part.1INlar17-t1alo.
Sad!~ CIlI:lnrl.eri.t.ia .. 9lIb1ct.~~ MIt I 7
~ aIIII. OOZlI:l1Uaol an I'Mdll,r MIt P*lQMnt.1:r n adood 1lJ' tbe
~..thocl. ~ ~...J.ttalt -.nat~ atlb"",
.. "'Ii.... of .. 'NtL1c.a'. Wi_,t ...... bot.b .,oa ..." ':1mo. U.
"""l.!Iad ptqo1oal andp~~ 111 tl'atf1o n-..,
... IrtulU..t 1D "' of t.mff'~ ,*,-lQr) 1"1 l .....tloll ..." .0000000t.1ocI
pnctJ.....J pull1ru 1>1.'11<'''', lo.teml plu "It) lrplUI1:lc ho.tdtBl ...d
~ d1ftl"[::l.ll(l ani. , ..~ pat""'.....
~ tIM ..at 1:I:01'taDt G:lHt. of tM urial plIotos""'lJh1'l
..tbod U 1'- ab1lJ~7 to p1ctof'1all¥ ",00"", tM anri.......m 1a~
~ 4at4 1.a f.lIt.o1IM. 'r'II1.a ....tr1butot --. tM~ of tht
old.. ..,. attol'lhq: tho~.. w.t.b poa:W.- ...-. to.. .-...l
~ hoIlM1'1o...
r~Mn..l~. '-"'""". __t ... ~llU¥
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'fb. _ ot n..dud ..~ pbl>toe;"'Iil7 u i!, 1 1 b:T _
.,_..I'V or brr1zI6 4aTU4bt, F04 f1l1nI _thu..... lift .' •
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